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PREF. 


HOUGH the age of gymnosperms 
belongs to the remote past, its in- 
delible record and the entire subsequent 
history of all gymnosperm groups are 
still being unraveled; for many, and often 
startling, discoveries of living and fos- 
sil gymnosperms are constantly being 
brought to light. Some of these and their 
far-reaching significance make up the 
central theme of this symposium, pur- 
porting to record the present status of 
our knowledge of the evolution and clas- 
sification of gymnosperms. 
It was particularly fortunate that this 
symposium could be held in Chicago, 
long a center of morphological research 


ACE 
on gymnosperms. As many of the contri- 
butions from this school appeared in the 
BOTANICAL GAZETTE, the present sym- 
posium fittingly continues this tradition. 
Significantly, the renewed interest in 
general problems of evolution once more 
focuses attention on groups especially 
suited to investigations of this kind. The 
gymnosperms, including as they do some 
of the oldest known “‘living fossils,’’ pro- 
vide excellent materials for this purpose. 
This symposium was held under 
somewhat unusual circumstances. For 
example, Professor BUCHHOLZ was in 
New Caledonia searching for new coni- 
FLoRIN submitted his 


fers, Professor 
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manuscript from Sweden, and Professor 
SAHNI prepared his paper in the face of 
numerous difficulties encountered while 
traveling across the United States and 
Europe. The officers of the Paleobotani- 
cal Section gratefully acknowledge the 
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co-operation received from all contribu- 
tors and take this opportunity to thank 
the Editor for his valuable assistance in 
seeing this symposium through the press. 


THEODOR Just, Secretary 
Paleobotanical Section, Botanical Society of America 





CLASSIFICATION OF GYMNOSPERMS FROM THE 
VIEWPOINT OF PALEOBOTANY' 


CHESTER A. ARNOLD 


Introduction 


In the classification of plants botanists 
are slow to utilize the evidences of rela- 
tionships expressed by fossils, the com- 
mon attitude being that fossils further 
complicate a situation already too com- 
plex. The traditional schemes of classi- 
fication contained in most textbooks are 
based wholly upon living forms. In these 
systems much stress is placed upon 
spores versus seeds in effecting a primary 
division of the plant kingdom, although 
it has been common knowledge since the 
time of HoFrMEISTER that the life-cycles 
of spore-bearing plants and seed plants 
follow the same basic pattern, the main 
differences being concerned with details. 
The fact is also ignored that, when the 
pteridosperms were discovered nearly 
half a century ago, we learned that the 
very sharp distinction supposed to exist 
between seedless and seed plants is much 
less evident than we are led to believe 
when living plants alone are studied. 

Since it is only logical that the earlier 
attempts at classification should have 
been concerned exclusively with living 


« Invitation paper presented at the symposium on 
“Evolution and classification of gymnosperms” 
conducted at a joint session of the Paleobotanical 
Section of the Botanical Society of America and the 
Society for the Study of Evolution, at Chicago, 
Illinois, December 30, 1947. 


plants, it is understandable why the great 
paleobotanists of the last century, who 
laid the foundations of the modern sci- 
ence, endeavored te fit fossil plants into 
the categories of JUSSIEU, DE CANDOLLE, 
ENDLICHER, and other taxonomists of 
that period. BRONGNIART seems to have 
been the first to sense difficulties in as- 
signing fossil forms to groups designed 
primarily for the reception of living 
plants because he came forth with a sys- 
tem of his own in 1843. BRONGNIART, 
however, held mistaken ideas about the 
significance of secondary wood in plants 
and believed that this tissue character- 
ized the dicotyledons. Consequently, he 
assigned all gymnosperms, living and 
fossil, and the arborescent lycopod Sigil- 
laria, to the ““gymnospermous dicotyle- 
dons.”’ It was not until the fructifications 
of Sigillaria were discovered a few years 
later that the correct position of this 
plant was determined—an outstanding 
example of the profitable use of a fossil 
plant in arriving at a better understand- 
ing of relationships. 

It is not necessary to reiterate the 
limitations imposed by the imperfections 
of the fossil record on the use of fossil 
plants in classification. The task con- 
fronting us is to utilize to the fullest pos- 
sible extent the information now avail- 





LTT TE Te 








194 


ab 


in 
cla 
alr 
sh 
th 
ha 
ing 
joi 
ou 
pr 
on 
se’ 
fic 
th 
en 
ti 
ar 
se 
nt 
pe 


hi 
S] 
al 
Ww 


b: 








ee 





1948] 


able. An impediment fully as momentous 
as the imperfections in the fossil record 
in the formulation of a natural system of 
classification is the lack of agreement 
among botanists as to what characters 
should be used and the relative values 
they possess. For the most part botanists 
have sought for simple sets of contrast- 
ing characters as the bases on which ma- 
jor categories might be set up. An obvi- 
ous phenomenon in the plant world is re- 
production by seeds and by spores, and 
on the basis of this difference a primary 
separation was drawn which, with modi- 
fications, has dominated _ botanical 
thought for generations. Other phenom- 
ena that individually rather than collec- 
tively have guided taxonomic procedure 
are such things as secondary growth, 
separate vascular bundles, siphonogamy, 
number of cotyledons, and covered or ex- 
posed seeds. 

I cannot avoid commenting upon the 
amount of attention the gametophyte 
has received in classification with corre- 
sponding neglect of the sporophyte. In 
any natural system of classification | 
would rate the sporophyte on an equal 
basis with the gametophyte and in case 
of questionable merit would not hesitate 
to give the former the benefit of the 
doubt. The sporophyte at least has faced 
the world and has made something of it- 
self, whereas the renegade gametophyte 
has chosen the protective refuge of the 
maternal nucellus. This statement, of 
course, is strictly applicable only to the 
female gametophyte, but the male mem- 
ber of the pair has given an account of 
himself that is no better. Having become 
badly afflicted with the wanderlust, his 
functionable life has become very short, 
and many plants—the Russian dande- 
lion, for example—have seriously consid- 
ered the matter of dispensing with his 
services altogether. The next step in the 


ARNOLD—GYMNOSPERM CLASSIFICATION 3 


evolution of some plants may be the com- 
plete elimination of the haploid stage in 
the life-cycle. 

The result of the widespread practice 
of classifying plants on single sets of 
characters has been to encourage over- 
emphasis on certain morphological phe- 
nomena, to the neglect or exclusion of 
others of equal significance, and to try to 
construct phylogenetic lines on them 
alone. This practice has been so prevalent 
that examples are hardly necessary. 
Most of the currently accepted systems 
of classification were built up in this 
way. Its consummation was recently 
reached by EMBERGER (2), who made of 
the pteridosperms and Cordaitales a 
separate subkingdom on grounds that 
these plants possessed ovules but not 
seeds. The importance of whether a plant 
reproduces by seeds or by some other 
means has assumed such magnitudinous 
proportions in the botanist’s mental com- 
plex that he is completely satisfied to 
group together quite unrelated plants on 
these characters alone. Not only have 
most botanists accepted this arrange- 
ment but they often show open hostility 
to anyone who would be so indiscrete as 
to upset the status quo. 

Once a system of classification be- 
comes widely adopted, it takes on many 
of the attributes of a creed. Not only does 
it constitute the framework about which 
the botanist does his thinking but it 
rapidly becomes a substitute for it. It 
comes to be looked upon as having ema- 
nated from some authoritative and in- 
spired source. It is accepted as final, and 
anyone who would be so bold as to sug- 
gest that it be altered to conform with 
modern knowledge is promptly squelched 
with a smooth flow of well-rehearsed ora- 
tory. An example of how the prestige en- 
joyed by a certain system kept a group 
in its place longer than warranted by ad- 
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vanced knowledge was the position of 
the gymnosperms between the dicotyle- 
dons and monocotyledons in the system 
of BENTHAM and Hooker. After gaining 
notoriety in this position, forces of cir- 
cumstances finally induced ENDLICHER 
to remove them to a more imposing place 
at the bottom of the spermatophyte 
plexus. JEFFREY then switched them to a 
less conspicuous but more appropriate 
place in the Pteropsida between the 
ferns and the flowering plants. To func- 
tion properly, all systems of classification 
must be kept in a fluid and flexible state. 
No system can be accepted as final so 
long as a single fact concerning any kind 
of plant remains unknown. This all-in- 
clusive statement may seem unduly rash, 
but, after a moment of reflection, its 
truth is evident. If the systems of classi- 
fication in use do not embody our con- 
cepts of relationships as revealed by ad- 
vanced knowledge, they fail to accom- 
plish their basic purposes. Of course, any 
artificial system that works may supply 
the requirements of the novice who mere- 
ly wants to know the name of a plant. 
Keys based upon flower color may serve 
admirably for certain types of amateur 
botanists. Such keys can and often do 
serve a useful purpose but they do not 
reflect phylogeny and can be very mis- 
leading if improperly interpreted. Sim- 
plicity and ease of use are not the sole 
merits of systems. As for simplicity and 
understandability, THEOPHRASTUS’ sys- 
tem, wherein all plants are classed as 
trees, shrubs, undershrubs, or herbs, is 
probably the best one ever brought forth. 

The purpose of this rather lengthy in- 
troduction is to emphasize two points: 
first, the desirability of constantly weav- 
ing newly acquired information into clas- 
sification; and, second, the fallacy of set- 
ting up high categories off single char- 
acters. Combinations of characters, as 
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JEFFREY, EAMES, and others have shown, 
are more reliable and can furnish the 
substance for more natural groupings. 


The basis of affinity 


In whatever manner morphological 
characters are shuffled in our attempts to 
arrange them so as to express relation- 
ships, the ultimate basis of affinity is 
origin. No matter how much alike two 
plants may appear to be, if it can be 
shown that they each belong to independ- 
ent lines having long histories, they can- 
not both be placed within any natural 
group smaller than that one which would 
embrace both lines in their entirety. 
Thus, a plant with motile male gametes 
may be closer to some siphonogamous 
form than it is to one that is similar in 
this particular respect. Likenesses are 
sometimes deceiving when questions of 
affinities are involved, especially like- 
nesses that are accompanied by very pro- 
nounced differences. If one looks through 
the literature of the last 40 years, he will 
encounter a number of unlikely phylog- 
enies based upon conspicuous but ac- 
cidental resemblances. The conifers, for 
example, are declared by some to have 
arisen from the lycopods. Certain mem- 
bers of these two groups do have some 
superficial points in common, and fossil 
members have been confused, but most 
of us see rather little in common between 
them. Unless resemblances in habit or 
life-cycles are accompanied by anatomi- 
cal or other resemblances of an equally 
fundamental nature, they should be used 
with caution in the construction of phy- 


logenies. 


The foregoing leads us into the midst 
of our topic, the classification of the 
gymnosperms. Are the gymnosperms, as 
the group concept was first conceived by 
ROBERT BROWN more than 1co years ago 
and subsequently adopted by his succes- 
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sors in the taxonomic field, a unified 
group with a single focus of origin, or 
have the several orders (or classes if we 
follow ENGLER’s terminology) arisen in- 
dependently of one another? The evi- 
dence that appears to come from the fos- 
sil record is that the gymnosperms are, to 
some extent at least, a polyphyletic 
group, some having arisen at one time, 
some at other times. 


Current system of classification 


The seven orders (or classes) of gym- 
nosperms given by ENGLER are the Cyca- 
dofilicales, the Cycadales, the Bennet- 
titales, the Ginkgoales, the Coniferae, the 
Cordaitales, and the Gnetales, in that 
order. (Throughout this paper the Cyca- 
dofilicales will be referred to as “‘pterido- 
sperms’”’; the Bennettitales, as the ‘‘cyca- 
deoids.’’) The Gnetales are sparsely rep- 
resented in the fossil record, so they will 
not be discussed at length. Our concern 
is mainly with the six remaining orders, 
three of which are extinct. These extinct 
orders are the pteridosperms, the cyca- 
deoids, and the Cordaitales. The other 
three—the true cycads, the ginkgos, and 
the conifers—have both living and fossil 
members. It has been realized for some 
time that the unity of the gymnosperm 
complex as a whole is disrupted by the 
Gnetales, which, were it not for their 
naked seeds, would have about as much 
claim for inclusion within the angio- 
sperms as in the gymnosperms. PULLE 
(4) has made of them a separate class, the 
Chlamydospermae, co-ordinate with the 
Pteridospermae, Gymnospermae, and 
Angiospermae. With the removal of the 
Gnetales, do the six remaining gymno- 
sperm groups constitute a unified phy- 
letic line? We shall inquire into the mat- 
ter from the standpoint of the fossil 
record. 


GYMNOSPERM CLASSIFICATION 


v1 


Natural groupings 


When the sum total of the anatomical 
and morphological features of the six re- 
maining orders (the Gymnospermae mi- 
nus the Gnetales) is taken into account, 
the group breaks itself naturally into two 
separate groups that are distinguished by 
a number of features which have char- 
acterized them to some extent at least as 
far into the past as they can be traced. 
These two are the cycadophytic and 
coniferous lines (fig. 1). The cycado- 
phytic line contains the pteridosperms, 
cycads, and cycadeoids, and it shows evi- 
dence of derivation from the ferns. The 
other contains the cordaites, the ginkgos, 
and the conifers. Its origin is unknown. 
We shall take these in reverse order and 
consider the coniferous line first. 


THE CONIFEROPHYTA 
The main constituents of the conifer- 
line the Cordaitales and the 
Coniferales. They overlap each other in 
the time sequence, the Cordaitales being 
the older. The Ginkgoales first appear in 
the fossil series in the Permian, probably 
having emerged from the cordaitean com- 


ous are 


plex. To this day Ginkgo remains in many 
respects a veritable cordaite—different, 
it is true, from the Paleozoic cordaites, 
but a cordaite nonetheless. At least it is 
an excellent example of a Recent plant 
on the general cordaite level. It has re- 
tained several of its ancestral features— 
for example, the motile male gametes, the 
double leaf trace, and the multinerved 
leaves. Time has not neglected to bring 
about many changes which are seen in 
the simplified strobili, the smaller pith, 
and the uniseriate pitting. In these last 
two respects it has followed the pines and 
other abietinean conifers. 

The Cordaitales, according to the 
groupings of Scott and SEWARD, is made 
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up of three families—the Pityeae, the 
Cordaiteae, and the Poroxyleae. The 
Pityeae is the oldest. Its members, which 
occur in the Upper Devonian and Lower 
Carboniferous, were large trees of arau- 
carian aspect. The Lower Carboniferous 
rocks have yielded several species of 
Pitys, first made known to the scientific 
world by HENRY WITHAM in 1831. Then 
in the still older Upper Devonian rocks 
Callixylon occurs with several species. 
The older of these two Pityean genera ap- 
pears to have been the most specialized. 
In both Pitys and Callixylon the second- 
ary wood, except for the wider rays in 
some species, is araucarian. The hexag- 
onal, multiseriate, alternately arranged 
bordered pits are confined mostly to the 
radial walls of the tracheids. Except for 
the ray cells, wood parenchyma is lack- 
ing, thus rendering the tissue compact. 
It is typical coniferous wood. Some of the 
trees were as large as modern conifers, 
and branching was similar. It is in the 
primary wood that primitive features are 
expressed. In all of them small amounts of 
centripetally developed metaxylem is re- 
tained, and medullary bundles are fre- 
quent. The form of the foliage is known 
with certainty in only one species, Pitys 
dayi, which was described in detail by 
W. T. Gorpon (3). The leaf organs are 
of the nature of fleshy phyllodes about 
2 inches long. The tree was obviously 
araucarian in appearance as well as in 
many of its structural features. Unfortu- 
nately, nothing is known of the inflores- 
cences or of the seeds of any of the 
Pityeae; our knowledge of them is con- 
fined to the vegetative structures. 

The single fact of paramount impor- 
tance revealed by the Pityeae is that, as 
far back in geologic time as the Upper 
Devonian, there were large trees ex- 
hibiting unmistakable coniferous char- 
acteristics. Although they display some 


primitive features as compared with 
modern conifers, they were at this time 
already well developed along the evolu- 
tionary scale. Such _ pteridospermous 
affinities as might be suggested by the 
primary wood are effectively counter- 
balanced by advancement in other parts 
of the plants. There is no satisfactory 
evidence that either the Pityeae or the 
Cordaiteae were derived directly from 
ferns or pteridospermous forms, and, if 
there is any connection, it is so far in the 
past that it cannot be traced through the 
fossil series. 

Toward the close of the Lower Car- 
boniferous the Cordaiteae, the largest of 
the cordaitean families, became one of 
the dominant floral elements. These 
plants had tall trunks built up mainly of 
a thick layer of araucaria-like wood. 
Their simple strap-shaped leaves were 
spirally arranged on the smaller branches 
which formed a crown at the top of the 
trunk. The stalked, conelike inflorescence 
axis bore stiff slender bracts, probably ar- 
ranged in a spiral, and the axil of each 
bore a short fertile shoot. This in turn 
was covered with sterile and fertile ap- 
pendages in a common spiral sequence, 
the latter bearing either terminal seeds or 
clusters of pollen sacs. 

With the rise of the Cordaiteae, the 
Pityeae fade out of the picture. Through- 
out the remainder of the Carboniferous 
(including the Permian) Cordaites and its 
relatives were the ‘‘higher plants”’ of the 
epoch. True conifers, assigned to the fam- 
ily Voltziaceae, make their initial ap- 
pearance in the Middle Carboniferous at 
the time when Cordaites was at the height 
of its development. Their remains, how- 
ever, are rare at this time because the 
trees probably inhabited the dry uplands 
where conditions for preservation were 
less favorable than in the swamps. Le- 
bachia (Walchia), the oldest of the Car- 
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boniferous conifers, looked much like 
Araucaria excelsa, but its inflorescences 
were more like those of Cordaiies. The 
chief difference is the reduced number of 
seeds per dwarf shoot. 

Recent research has shown that the 
previously suggested homology between 
the and_ the 
coniferous cone is well founded. Whether 
the conifers emerged directly from Cor- 


cordaitean inflorescence 


daitales is undecided, but there seems to 
be ample morphological evidence of a 
common origin. The cones of Lebachia 
were terminally borne cylindrical in- 
florescences, with the seeds and pollen in 
separate cones. The cone axis bore spiral- 
ly arranged bifurcated bracts, a situation 
very similar to that in Cordaites. In the 
axils of these bracts were short fertile 
shoots, and these in turn bore spirally ar- 
ranged scalelike appendages of which one 
was fertile with a single terminal ovule. 
This fertile appendage was in the same 
spiral sequence with the sterile ones. The 
only pronounced difference between this 
inflorescence and that of Cordaztes is in 
the reduced number of seeds. This dif- 
ference might seem to be a minor one 
with little significance were it not for the 
fact that in other early conifers, such as 
Ernestiodendron, Pseudovoltzia, and UT/- 
mannia, we find still further reductions 
and fusions which aim directly at the 
coniferous scale situated in the axil of its 
bract and with the ovules in an adaxial 
position with respect to the inflorescence 
axis. Unfortunately, very little is known 
of the anatomy of Lebachia, so its rela- 
tionships with Cordattes and the later 
conifers must be ascertained from habit, 
foliar characteristics, and inflorescences. 


THE CYCADOPHYTA 


Having seen the cordajte-conifer line 
arise over the Devonian horizon, let us 
now turn to the cycadophytes, which in- 
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clude the pteridosperms, the living and 
extinct cycads, and the cycadeoids. Some 
authors would segregate the pterido- 
sperms into a class by themselves, but 
this hardly seems justified unless the 
whole cycadophyte group is raised ac- 
cordingly. We shall regard them as primi- 
tive cycadophytes related to, and an- 
cestral to, the Cycadales. The unity of 
this line is assured by a series of anatomi- 
cal and morphological data that need not 
be reviewed, but we see distinctions be- 
tween the Paleozoic pteridosperms and 
cordaites only a little less pronounced 
than those between the conifers and cy- 
cads of today. In contrast with the mas- 
sive woody trunks of the Pityeae and 
Cordaiteae, the pteridosperms had rela- 
tively small stems with soft wood made 
up of large tracheids and abundant 
parenchyma. frondlike 
leaves have ever been attributed to a 
cordaite or conifer, whereas the frond of 


No compound 


the pteridosperm and cycad is compound 
from the earliest times and is evidently a 
holdover from its fernlike ancestor. The 
leaf trace of the pteridosperms is a struc- 
ture that is markedly different from the 
simple strand or pair of strands common 
to all conifers and their ancient and mod- 
ern relatives. From the earliest decipher- 
able records the cordaite inflorescence 
was a many-seeded spicate fructification 
which can only with difficulty and great 
stretches of the imagination be linked 
with the seed-bearing frond or frond 
portion. 


Resemblances between cordaites 
and pteridosperms 


Lest I be charged with presenting a 
wholly one-sided picture of the situation, 
some of the resemblances between the 


Cordaitales and pteridosperms will be 
mentioned. The late Dr. D. H. Scott be- 
lieved that the pteridosperms and the 
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Cordaiteae sprang from the same stock, 
though at a very remote period. This 
conclusion was based mainly upon the 
similarity of the seeds and the internal 
structure of the leaves in the two groups. 
Then he mentioned the large pith in the 
cordaiteans and the presence in some 
genera of centripetally developed pri- 
mary wood and double leaf traces. 

The structural similarity of the seeds 
of the cordaites and _ pteridosperms 
should not be lightly dismissed. The re- 
semblance is so close that it is impossible 
to cite any differences that are constant 
and always observable. There are some 
general dissimilarities. Cordaitean seeds, 
for example, are usually flattened and 
have an expanded marginal wing. On the 
other hand, some pteridospermous seeds 
are flattened, and certain winged seeds 
probably belong to this group. The lack 
of embryos in all known Paleozoic seeds 
is another point of resemblance, and in 
the estimate of some, EMBERGER (2) in 
particular, this feature is sufficient to 
link the pteridosperms and cordaites to- 
gether. Then it might be mentioned that 
there is evidence that in both groups fer- 
tilization was accomplished by motile 
male gametes, after the manner of mod- 
ern cycads and ginkgos. 

Because of the emphasis that has long 
been placed upon seed characters in clas- 
sification, some investigators regard a 
close affinity between the cordaites and 
cycadophytes as irrefutable. This brings 
us back to the old question of what char- 
acters are indicative of phylogeny and 
why the seed must give way to vegeta- 
tive features. The only answer that can 
be given is that the similar seeds in the 
two groups under consideration have 
come to be what they are as a result of 
parallel development. It is extremely 
probable that the ancestors of all seed 
plants had motile male gametes, because 


GYMNOSPERM CLASSIFICATION ) 


it is almost impossible to visualize si- 
phonogamy ever having developed be- 
fore the ovule and in the cryptogamic 
stage. Fertilization by motile gametes is 
therefore merely a primitive condition 
and is not evidence of close relationship. 
Phe lack of an embryo and other similar- 
ities are 


cidental. 


likewise explained as coin- 


Relative antiquity of coniferous and 
cycadophytic lines 

Returning now to our original thesis 
that the ultimate criterion of affinity is 
origin, we find the two great groups un- 
der consideration existing as separate 
lines as far into the past as they can be 
traced. To bring them together in the 
Devonian or any of the earlier periods of 
the Paleozoic would require working in 
absolute darkness, and the result would 
be wholly hypothetical. The coniferous 
line, represented by the Pityeae, is the 
older, and nothing is known as to when or 
from what it first emerged as a separate 
line. But the testimony of the fossil rec- 
ord with respect to the pteridosperms is 
somewhat different. Although primitive 
seed-ferns were probably in existence 
during the Devonian, few traces of them 
have been revealed in this period. Seeds 
are almost necessary in the recognition of 
the ancient pteridosperms, and no organs 
positively known to be seeds have yet 
been found in the Devonian. The de- 
cipherable history of the pteridosperms 
does not begin until the Carboniferous, 
and, when it does begin, filicinean an- 
cestry is evident. We have not yet been 
able to bridge successfully the gap be- 
tween the cryptogamic fernlike fructifi- 
cation of the ancestors of the pterido- 
sperms and the oldest known seed, but 
anatomical evidence points definitely to- 
ward a connection. Some investigators, 
in fact, prefer to regard the pterido- 
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sperms as ‘ferns with seeds,” an asser- 
tion that does not in the least alter their 
intermediate position in the plant king- 
dom. Like the Cordaitales, the pterido- 
sperms bore naked seeds, and, according 
to current concepts of relationships, both 
groups are “‘gymnosperms.” But the two 
had drifted so far apart by the time their 
oldest recognizable remains were pre- 
served that little evidence of common 
origin, if there was such, is revealed. 


A modern classification 


The facts of history just reviewed are 
certainly significant from the standpoint 
of classification of the naked-seeded 
plants. Although it may seem conven- 
ient to classify plants upon such obvious 
characters as naked seeds, the historical 
evidence seems to rise decisively against 
the wisdom of doing so. Naked seeds 
have most certainly developed independ- 
ently in the cycads and in the conifers, 
and it is now believed that the term 
‘“Gymnospermae”’ as a group name has 
outlived its usefulness and should be 


dropped, or it should be retained only as: 


name without taxonomic 
a modern classification. The 
members of the erstwhile ‘‘Gymno- 
spermae”’ should then be parceled among 
three groups which, with the ferns, would 
constitute primary headings under the 
Pteropsida. The classical term “ Pteri- 
dophyta” would include all ferns but 
would be restricted to them. It would be 
demoted from divisional to class designa- 
tion. The three groups of naked-seeded 
plants, which would rank as classes, 
would be the Cycadophyta, the Conif- 
erophyta, and the Chlamydospermoph- 
yta. The latter would embrace the 
Ephedrales and the Gnetales. It is hoped 
that the angiosperms will soon receive 
similar or even more drastic dismember- 
ment and be arranged in succeeding 


a common 
status in 
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classes, thus completing, as far as our 
present knowledge permits, the natural 
system. The following outline classifica- 
tion of vascular plants is proposed to 
show the orders and classes of the living 
and extinct naked-seeded forms and their 
relation to the other members of the 
Tracheophyta: 
Division I. Psilopsida 
Division II. Lycopsida 
Division III. Sphenopsida 
Division iV, Pteropsida 
Class 1. Pteridophyta 
Class 2. Cycadophyta 
Order Pteridospermae 
Order Cycadales 
Order Cycadeoidales 
Class 3. Coniferophyta 
Order Cordaitales 
Order Ginkgoales 
Order Taxales 
Order Coniferales 
Class 4. Chlamydospermophyta 
Order Ephedrales 
Order Gnetales 
Class 5 (?). “Angiospermophyta”’ 


The three naked-seeded classes out- 
lined above would be distinguished from 
one another by a set of contrasting char- 
acters as follows: 


CycCADOPHYTA—leaves large and frondlike; 
distinctly petiolate and coriaceous; leaf traces 
large or of numerous strands; secondary xylem 
of large thin-walled tracheids, abundant paren- 
chyma, and large rays; fructifications on modi- 
fied or unmodified foliage. 

CONIFEROPHYTA—leaves simple, linear, awl- 
shaped, or fan-shaped, sessile (except in certain 
of the Ginkgoales); leaf trace a single or double 
strand, small; secondary xylem compact, mas- 
sive, and of thick-walled pitted tracheids with 
little parenchyma, and small rays; fructifica- 
tions stem-born; inflorescence axis bracteolate. 

CHLAMYDOSPERMOPHYTA—the characters gen- 
erally cited for the Gnetales. 


This scheme of classification is tenta- 
tive and subject to whatever modifica- 
tions future discoveries may necessitate. 
The author has elsewhere expressed the 
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belief that the Pityeae should be awarded 
ordinal rank co-ordinate with the Cor- 
daitales. There are some fossil forms, 
members of the Calamopityaceae in par- 
ticular, which, although currently classi- 
fed under the Pteridospermae, show 
structural features indicative of cordai- 
tean connections, but in the absence of 
foliage and fructifications the correct po- 
sition of these forms in the plant king- 
dom is deeply shadowed with doubt. Al- 
though they may appear to occupy an in- 
termediate position, they probably rep- 
resent specialized offshoots of the central 
pteridospermous stock. Their position in 
the geologic column (principally Lower 
Carboniferous) precludes the possibility 
of their being the common stock of the 
Cordaitales and the Pteridospermae. A 
group that does not appear to fit into any 
of the classes proposed above is the Pen- 
toxyleae, recently discovered by SAHNI 
and co-workers in the Jurassic of India. 
The polystelic stem with dense secondary 
wood, the Taeniopteris leaves, and the 
stem-borne seeds present a combination 
of coniferous and cycadean characters 
that exist in addition to characters for- 
eign to both groups. Then there is some 
question concerning the affinities of the 
cycadeoids. There is no known series of 
intermediate forms, such as are found be- 
tween the cordaitean inflorescence 
and the coniferous cone, which con 
nects the cycadeoid inflorescence with 
any other kind of fructification. More- 
over, FLORIN has emphasized the funda- 
mental differences in the structure of the 
epidermis of the two cycadean groups. 
There is no proof that the cycadeoids 
evolved from the pteridosperms, as they 
are commonly assumed to have done, and 
the possibility of a connection with the 
chlamydosperms invites attention. The 
chlamydosperms and the cycadeoids are 
the only naked-seeded plants with bi- 
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sexual strobili, and Florin has demon- 
strated similarities in the structure of the 
epidermis of the cycadeoids and in 
Gnetum and Welwitschia. Ephedra agrees 
in epidermal characters with the true 
cycads. 

When all has been said, the naked seed 
is on its way out as the one critical fea- 
ture in classification of seed plants. It, 
like secondary wood, two cotyledons, or 
strobili, can exist independently in unre- 
lated groups. The idea that we not be so 
intrigued by the undressed condition of 
the seed is not a recent one. In 1917 
BERRY (1) proposed a classification of 
vascular plants in which the word ‘“‘ gym- 
nosperm”’ does not appear. He split the 
naked-seeded plants—the ones we call 
‘“gymnosperms’’—into Pteridospermoph- 
yta, Cycadophyta, and Coniferophyta, 
and characterized each by a set of well- 
founded contrasting characters. In 1920 
SAHNI (5) stressed the two great divi- 
sions of the gymnosperms, basing his 
separation on the manner in which the 
seeds are borne. The seeds of the pterido- 
sperm-cycadophyte complex, which he 
called the phyllosperms, are leaf-borne, 
but in the cordaite-ginkgo-conifer group, 
the stachysperms, the seeds are stem- 
borne. This is in essential agreement with 
the system proposed here. The extreme 
antiquity of the Coniferophyta, as indi- 
cated by the Pityeae, introduces the pos- 
sibility of the stem-borne seed being the 
older, and the leaf-borne seed of the 
pteridosperms and cycads being a later 
development. This, of course, is largely 
speculative because nothing is known of 
the fructifications of the Pityeae, and we 
are dealing with trends that took place 
before the oldest fossil forms were pre- 
served. Substantiation or rejection of 
this theory will depend upon the discov- 
ery of older seed-bearing fructifications 
than have been found heretofore. 
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Summary 

It should be realized that origin is the 
ultimate basis of relationships, and the 
known facts of the history of plant 
groups should take precedence over su- 
perficial structural resemblances in de- 
termining them. Mere resemblances are 
often the result of parallel development. 
Groups of characters as expressed by 
vegetative as well as by reproductive 
structures should be utilized in defining 
the larger categories such as divisions 
and classes. It is necessary that classi- 
fication schemes be revised frequently 
and kept abreast of modern knowl- 
edge. Obsolete classifications retard prog- 
ress and become misleading. The fossil 
record indicates that the Cycadophyta 
and Coniferophyta are separate develop- 
mental lines that are distinct from each 
other as far into the past as they can be 


traced. The oldest known coniferophytes — University or Micutcan ' 
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SOME EVOLUTIONARY TRENDS IN THE PTERIDOSPERMS' 


HENRY N. ANDREWS, JR. 


The rather large assemblage of fossil 
plant remains, ranging in time from the 
Lower Carboniferous through the Middle 
Jurassic, that are now referred to the 
Pteridospermeae, occupies a unique posi- 
tion in the plant kingdom and one of in- 
creasing importance. We do not know the 
exact limits of the group with reference 
either to their origin or to the later forms 
into which they evolved; yet in the seem- 
ingly typical forms of the later Paleozoic 
and early Mesozoic they form a group 
with a number of rather clearly defined 
characters. Once thought to be interme- 
diate between the ferns and cycads 
whence the earlier group name Cycado- 
filicales—we have been forced to revise 
some of the earlier concepts in recent 
decades. There is no reason, from our 
present knowledge, to suppose that seed- 
ferns were derived from the ferns as we 
know that group today. The most an- 
cient families of the Filicales—the Ma- 
rattiaceae, Gleicheniaceae, Schizaeaceae, 
and Osmundaceae, which have been 
traced back to the Paleozoic—are ac- 
tually antedated in the stratigraphic se- 
quence of the rocks by the pteridosperms. 
The common name “‘seed-ferns”’ implies 
that they were seed plants with fernlike 
foliage, but it should not be construed as 
indicating true fern ancestry unless by 
“ferns’’ we mean pteridophytic plants in 
general. It is possible that both the pteri- 
dosperms and the Filicales had their ori- 
gin from the now rather large assemblage 
of plants known as the Psilophytales. A 

‘Invitation paper presented at the symposium 
on ‘‘Evolution and classification of gymnosperms” 
conducted at a joint session of the Paleobotanical 
Section of the Botanical Society of America and the 
Society for the Study of Evolution, at Chicago, 
Illinois, December 30, 1947. 
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consideration of such a possibility will 
not be undertaken here. 

It is obviously impossible in so short a 
space to present a comprehensive dis- 
cussion of all the important phases of 
pteridosperm organization and evolu- 
tion. I have, therefore, selected a few 
topics that seem particularly significant 
and which may be of interest to all bot- 
anists. 

It seems desirable to present, first, 
a brief consideration of a rather com- 
pletely known, and probably typical, 
Upper Carboniferous pteridosperm. This 
is followed by certain considerations of 
earlier seed-ferns, of the distinctive med- 
ullosas, and, lastly, a few notes on the 
Mesozoic representatives. 


A REPRESENTATIVE CARBONIFEROUS 
PTERIDOSPERM 

A very brief consideration of the dis- 
tinctive features of the Upper Carbonif- 
erous seed-fern Calymmatotheca hoening- 
hausi seems appropriate as an introduc- 
tion to the group. Although the binomial 
Lyginopteris oldhamia became firmly es- 
tablished in the literature (32, 34), JoNG- 
MANS (22) has given reasons for the use 
of the name C. hoeninghausi, and this 
usage has been followed in more recent 
accounts (6, 39). The present writer is 
not convinced that the rules of nomen- 
clature validate JONGMANS’ proposal, 
but, since the existing rules are clearly in- 
adequate to cope with such nomencla- 
torial problems, it should be admitted 
that the proposal is a most reasonable 
one. 

C. hoeninghausi, like many of the Car- 
boniferous seed-ferns, was probably of 
lianaceous habit or at least dependent to 
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some extent on surrounding trees and 
shrubs for support. The general aspect of 
the plant was that of a modern tree fern, 
yet with small stems relative to the size 
of the fronds. The latter were distinctly 
fernlike, yet primitive in that the rachis 
dichotomized once or twice and in the 
rather irregular form of the pinnules. Ex- 
clusive of the reproductive organs, the 
general habit of the plant was probably 
similar to that of certain of the medul- 
losas (fig. 1), a group of seed-ferns that 
will be considered elsewhere in this paper. 

The stems in transverse section are 
characterized by a large central pith con- 
taining irregularly shaped groups of 
sclereids. The primary wood consists of 
up to ten clearly defined, nearly ex- 
arch, strands surrounding the pith. These 
bundles divide to give rise to the leaf 
traces of the petioles. In passing out 
through the secondary wood a primary 
strand divides into two, but the branches 
unite again in the base of the petiole to 
create a V-shaped strand? Surrounding 
the primary strands is a well-defined 
band of secondary wood, although it was 
apparently not sufficient in amount to 
satisfy the structural needs of the plant. 
To supplement this deficiency, the outer 
cortex was provided with conspicuous 
radially oriented plates of fibers which 
formed a longitudinally anastomosing 
network. 

The seeds that are now known to have 
been borne on modified divisions of the 
fronds were small barrel-shaped struc- 
tures inclosed in a partially lobed husk 
referred to as a cupule. In 1904 OLIVER 
and Scort (28) presented convincing evi- 
dence that these seeds, previously known 
as Lagenostoma lomaxi, belonged to the 


The leaf trace anatomy of the Upper Car- 
boniferous pteridosperms, known from petrified 
stem and petiole remains, is highly distinctive in 
most genera. 


Lyginopteris stems. This supposed con- 
nection was based on close similarity be- 
tween glandular emergences found on the 
seed-inclosing cupules and those found on 
the stems and petioles. So close is the 
similarity that, combined with the evi- 
dence of association, it was accepted al- 
most without hesitation by many paleo- 
botanists. It was not until some few years 
later, however, that the proof of organic 
connection was forthcoming (22). 

Perhaps the most important gap in the 
pteridosperm story is the question of 
what lies within the nucellus of the seed. 
Many seeds have been found but without 
embryos and with only fragments of the 
gametophytes. In this respect one of the 
most significant recent contributions is 
Lonc’s description (25) of a well-pre- 
served gametophyte in the seeds of 
Lagenostoma ovoides, a species based upon 
seeds certainly very closely related to 
those borne by C. hoeninghausi. Only 
remnants of prothallial tissue have been 
reported in the seed of the latter. The 
preservation in LOonc’s specimens is 
quite spectacular, and, in addition to the 
contribution that they make directly, re- 
newed hope is offered for further informa- 
tion on the gametophytes and possibly 
the embryo structure of pteridosperm 
seeds. 

The evidence is provided by seven 
specimens, one (fig. 2) of which is almost 
perfectly preserved, displaying well-de- 
veloped archegonia. In this specimen the 
prothallus is somewhat contracted in the 
basal region but otherwise fills the mega- 
spore. In the median region of the seed 
it is differentiated into an outer zone of 
slightly radially elongated cells and an 
inner zone of more nearly isodiametric 
ones which constitute the bulk of the 
prothallial tissue. 

The apical (micropylar) end of the 
mature gametophyte consists of a rather 




















vA: 


= WA 

ea 

ie anne eA 
SAPSIINY - 
rad 
SGV ANY 


= ST Won 











ASchuTte 


‘arboniferous Medullosa, based on stem and frond remains 


t.—Restoration of an American Upper C 


FIG. 
of M. thompsoni from low 





y Comstock Publishing Co.) 


? 


a. (From ANDREWS [1], courtes 








16 BOTANICAL GAZETTE 


bulky “tent pole” prolongation with a 
ringlike depression at its base. Three 
archegonia are arranged in this end of the 
prothallus, so that their necks apparently 
opened on the inner rim of the shoulder 
around the tent pole. The egg cell of each 





Fic. 2.—Partial restoration of seed of Lageno- 
stoma ovoides containing mature gametophyte. X 25. 
(From Lone [25].) 


archegonium is surrounded by a clearly 
defined archegonial jacket layer. The 
general organization of this apical por- 
tion of the gametophyte is quite similar 
to that of Ginkgo biloba (9, fig. 227), al- 
though, of course, this does not neces- 
sarily imply a close relationship between 
the two. 

Thus, through the investigations of a 
number of British paleobotanists, we 
have acquired a remarkably complete 


picture of a very important plant that 
lived nearly a quarter of a billion years 
ago. Although there seems to be no rea- 
son to doubt that it is a representative 
Upper Carboniferous pteridosperm, it is 
essential that it should not confine our 
concepts of the boundaries of the group 
as a whole. It is evident from the fossils of 
the Upper Carboniferous alone that this 
was a line of plants great in numbers, in 
diversity, and in geographical distribu- 
tion. Such evidence as we have from even 
earlier forms, as well as from those from 
the Mesozoic, suggests a group over- 
shadowed in importance only by the 
angiosperms. 


AN EARLY PTERIDOSPERM 


We do not have so sharply defined a 
picture of the general habit of an earlier 
seed-fern than Calymmatotheca. In recent 
years, however, a number of fossil re- 
mains have been described from Lower 
Carboniferous and Devonian rocks which 
are extremely interesting and offer some 
suggestions as to the origin of the group. 
The fossils presented under this subhead- 
ing provide at least a tentative picture of 
a Lower Carboniferous pteridosperm. 
The facts on which the accompanying 
restoration (fig. 3) are based will be clear- 
ly stated, and it is hoped that the reader 
will accept it for what it is worth within 
those limits. 

In 1938 GoRDON (11) described a dis- 
tinctive plant, Tetrastichia bupatides, 
from the Lower Carboniferous Oil Shale 
Group of East Lothian, Scotland. This 
fossil consists of stems up to 1 cm. in 
diameter, characterized by a cruciform 
protostele composed of reticulately thick- 
ened tracheids. In a few specimens sec- 
ondary wood is developed. This is com- 
posed of reticulately pitted tracheids 
with pits on both radial and tangential 
walls and parenchymatous wood rays, all 
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Fic. 3.—Restoration of Lower Carboniferous seed-fern based on assemblage of stem, foliar, seed, and 
pollen-bearing organs from Scotland. For detailed consideration of facts upon which this restoration is 


based see text. 
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of which seem to have been laid down by 
normal cambial activity. The petioles 
come off in pairs, one slightly above the 
other, and successive pairs alternate, the 
foliar arrangement being four-ranked. It 
is of some interest that there is a fairly 
close comparison in this respect, as well 
as in the structure of the leaf trace, with 
Schopfiastrum decussatum (2) from the 
Pennsylvanian of Iowa. 

With the exception of its swollen base 
the petiole cortical tissues consist of hy- 
podermal sclerotic strands which form a 
long vertical meshwork such as is found 
in the stem cortex and generally in the 
pteridosperms. GORDON pointed out that 
the general size, shape, and division of 
the petiole and the sclerotic tissue pre- 
sent characters that compare nearly 
identically with compression fossils of 
Telangium affine, one of the most wide- 
spread plants in the Oil Shale Group. 
These fronds are beautifully preserved, 
and fairly large portions often may be re- 
moved intact from the rock. The com- 
plete frond was about 45 cm. long (24) 
and is perhaps best depicted in HucH 
MILLER’s (26) now classic restoration. 
The proximal end of the petiole is some- 
what bulbous, and the main rachis may 
dichotomize two or three times. One can- 
not help but be impressed with the seem- 
ingly primitive nature of this structure 
as a foliar organ, for it is little more than 
a highly divided branch system flattened 
in one plane. 

KipsTon has described (24) the basal 
portion of a frond which “shows numer 
ous small, transversely elongated bars, 
which have been elevations on the plant 
surface. Probably these and the striae on 
the rachis have been exposed through 
partial decay of the cortex, and represent 
longitudinal bands and ‘nests’ of scleren- 
chymatous tissue in the sub-epidermal 
region of the cortex.” 


[SEPTEMBER 


Gorpon’s description (11) of the peti- 
oles of Tetrastichia is now of special in- 
terest in this regard. He stated “‘The cor- 
tex of the petiole is similar to that of the 
stem. But .. . the cortical tissues at the 
base of the petiole consist entirely of a 
thin-walled, large-celled parenchyma 
without sub-epidermal mechanical tis- 
sues (sclerenchyma). On the other hand, 
more deeply placed sclerotic nests occur 
at this level... . A little higher up the 
petiole . . . both sclerotic nests and hypo- 
dermal sclerotic strands can be seen, 
and may be traced for some distance 
along the petiole.’’ It seems very likely 
that this internal structure reflects the 
surface appearance as described by Kip- 
STON. Actually, the only point in which 
the two do not agree is that GorDon did 
not find the subopposite pinnae below the 


first bifurcation as shown in the MILLER | 


restoration. 


The fertile pinnae of 7. affine consist of 


frequently dichotomizing branches bear- 
ing terminal groups of six partially united 
sporangia each 2.5—3.5 mm. long contain- 
ing circular triradiate microspores (24). 
The way in which the fertile pinnae were 
attached on the frond has not been de- 
termined, but, according to Kinston, “‘it 
is probable that they were placed at the 
base of the frond as on Telangium bifidum 
L. & H.” 

A few years ago a large (45 mm. long) 
six-lobed cupule was found (1) in the 
Lower Carboniferous Oil Shales near 
Broxburn, West Lothian, associated with 
T. affine. The contents, whatever they 
were, had been shed prior to fossilization. 
In the same year, however, WALTON (39) 
described a petrified cupule bearing seeds 
(Calathospermum scoticum) from the Kil- 
patrick Hills of Scotland, also of Lower 
Carboniferous age. A detailed description 
of Calathospermum (fig. 4) has not ap- 
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peared as yet, although Professor WAL- 
TON has kindly supplied me with supple- 
mentary information concerning this 
fascinating fossil. In its size and shape 
it compares very closely with Megatheca, 
and it seems very possible that the two 
belong to the same species. 

Calathospermum scoticum contained 
numerous (possibly as many as several 
dozen) stalked seeds, each of which has a 
pollen chamber surmounted by a nu- 
cellar tube. Particularly distinctive are 
the long prolongations (usually nine) of 
the integument. Most of the cupules that 
WALTON has examined show long vascu- 
lar stalks extending to the top of the 
cupule, indicating that the seed stalks 
elongated and extruded the seeds when 
they were mature. 

Of further interest is the fact that the 
vascular tissue of the cupule stalk is 
horseshoe-shaped, suggesting a petiole 
(or branch thereof) trace rather than a 
stem stele. In this connection WALTON 
wrote: “I feel certain that it [the cupule] 
is the equivalent of a complete frond. 
You will notice that the vascular supply 
in the stalk resembles a petiolar bundle 
very closely” (letter of April 30, 1947). I 
am inclined to look with a little doubt on 
this concept of the cupule as representing 
a complete frond, since in all known 
cases of attached seeds of Upper Car- 
boniferous and Permian pteridosperms 
the seeds are borne on modified or non- 
modified portions of apparently large 
fronds. Calathospermum is, however, an 
extraordinarily large structure and may 
possibly present an exception. The multi- 
seeded cupule is not a unique feature 
with Calathos permum, there being a rath- 
er close structural comparison with 


About natural size. (From WALTON [39], courtesy A. & C. Black, Ltd.) 
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Fics. 4-6.—Fig. 4, Calathospermum  scoticum. 
Cupule cut longitudinally showing inclosed seeds 
Salpingstoma dasu. 


Fig. 5, 


Restoration in longitudinal section. About natural size. (From GorDON [12].) Fig. 6, longitudinal view of 
partly hypothetical restoration of Gnetopsis elliptica. (Prepared from RENAULT and ZEILLER [30], and 


OLIVER and SALISBURY [27].) 
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Gnetopsis (fig. 6) which is known from 
the Upper Carboniferous of England and 
France (10, 30). 

When, now, we recall that the outer 
cortex of pteridosperm stems and petioles 
is characterized by usually anastomosing 
fibrous strands, the presence of this tissue 
in the stems and petioles of Tetrastichia 
bupatides, as well as its apparent presence 
in the compression specimens of Telan- 
gium affine and Megatheca thomasii, com- 
bined with the striking similarity of the 
latter to Calathospermum scoticum, it is 
more than likely that the same tissue was 
present in all. 

[t is appropriate to mention a remark- 
able seed, also described by GorDON (12) 
from the lowermost Lower Carboniferous 
beds of Scotland. Bearing the name Sal- 
pingostoma dasu (fig. 5) they are seeds of 
exceptional size (50 mm. in total length) 
and distinguished by greatly elongated 
micropylar processes and a long trumpet- 
shaped extension of the pollen chamber. 
Although apparently somewhat larger, 
these seeds are generally similar to those 
found within the cupule of Calatho- 
spermum. Salpingostoma is also of inter- 
est in that it is the oldest known struc- 
turally preserved seed that we may con- 
fidently assign to the pteridosperms, and 
it is a little disturbing to find such an ap- 
parently highly specialized seed from so 
low a horizon. 

Summing up the evidence on which 
the restoration (fig. 3) is based, the fol- 

}In 1935 Benson (8) described some large 
multiseeded cupules (see also WALTON [38]) under 
the name of Calathiops bernhardti which are borne 
on a pinnately branching structure that is apparent- 
ly a modified frond or portion thereof. Although 
these are only 32 mm. long, about half that of 
Megatheca and Calathospermum, this is nevertheless 
large, and the general organization of each cupule 
bears a close comparison with that of these other 
two genera. Since we know nothing of the remainder 
of the plant of C. bernhardti, this apparent similarity 


can be looked upon only as a suggestion, but it would 
appear to be a rather strong one. 


lowing points seem particularly perti- 
nent. We do not know how tall a plant 
it was, but the slender nature of the 
stems (Tetrastichia bupatides) as con- 
trasted with the relatively large petioles 
certainly points toward a_ lianaceous 
habit in which it was partly dependent 
on surrounding vegetation for support. 
The evidence strongly supports the con- 
tention that the fronds were those known 
as Telangium affine. The manner in which 
the microsporangiate organs were borne 
is drawn from the close comparison of T. 
affine with T. bifidum. The manner in 
which the large cupules (Calathosperm- 
um, Megatheca) were borne, if indeed 
they were, is admittedly speculative. 


ARCHEOPTERIS 


Although a knowledge of the vegeta- 
tive organs of the pteridosperms con- 
tributes to our understanding of their 
evolution, it is the seed itself that we 
would like to know more about. Unfortu- 
nately, the accumulating knowledge of 
Carboniferous forms still leaves us pretty 
much in the dark as far as its ultimate 
origin is concerned, yet we do have at 
least a suggestion of the earlier stages in 
rather recently described material of 
Archeopteris which, | feel, has received 
less attention than it merits. 

The genus Archeopteris (fig. 7) has 
long been known from the Upper Devoni- 
an of Canada, Maine, New York, Penn- 
sylvania, and Kilkenny (Ireland) as well 
as from numerous other European local- 
ities. A detailed consideration of these 
earlier records may be found elsewhere 
(21, 33). Archeopteris has enjoyed a con- 
siderable amount of attention because of 
its widespread occurrence and rather dis- 
tinctive appearance. Various botanists 
have suggested affinities with the Hy- 
menophyllaceae, Marattiaceae, Ophio- 
glossaceae, and the Pteridospermeae (21) 
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Fics. 7-11.—Archeopteris. Fig. 7, fertilefpinna of A. hibernica. (From SCHIMPER.) Figs. 8, 9, somewhat 
restored portions of sterile and fertile fronds of A. latifolia. Figs. 10, 11, spore masses found associated with 


+A A. latifolia. (Figs. 8-11 drawn from photographs by ARNOLD {s5].) 
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but only recently has sufficient evidence 
been uncovered to remove these views 
from the realm of pure speculation. In 
1939 ARNOLD (5) described a new species 
under the name Archeopteris latifolia 
(figs. 8, 9) from the Upper Devonian of 
Port Allegany, Pennsylvania, which in 
its general appearance is closely com- 
parable with the well-known A. hibernica 
from Ireland. Of particular interest is the 
discovery of sporangia, associated with 
the fertile fronds of A. latifolia, which 
contain spores of two types (figs. 10, 11). 
Slender sporangia about 2 mm. long and 
0.3 mm. in diameter were found inclos- 
ing numerous (a hundred or more) spores 
35 w in diameter, while somewhat broad- 
er sporangia 0.5 mm. wide but of the 
same length as the slender ones contained 
eight to sixteen spores, each 0.3 mm. in 
diameter. Although proof of organic con- 
nection is lacking, ARNOLD (5) stated: 
“That these detached sporangia be- 
long to A. latifolia is attested not only 
by the absence of other plants to which 
they might belong, but also by the fact 
that they are identical in appearance 
with those which are attached. When the 
attached sporangia are removed from the 
fertile branches and mounted side by side 
with detached ones (which have been re- 

.leased by dissolution of the shale with 
hydrofluoric acid), it is impossible to dis- 
tinguish between them. The conclusion 
is, therefore, that they all belong to A. 
latifolia.” 

Just how much significance may be 
attached to this fossil is, of course, prob- 
lematical at present. It would seem pos- 
sible, however, that we are afforded a 
fleeting glimpse of an early stage in the 
developmental course of heterospory 
which progressed from the homosporous 
psilophytes to the seed-bearing pterido- 
sperms of the Lower Carboniferous. 


[SEPTEMBER 
THE MEDULLOSAN PTERIDOSPERMS 


Beyond the supposedly typical pteri- 
dosperm Calymmatotheca hoeninghausi 
and related species such as Rhetinangium, 
Stenomyelon, Schopfias- 
trum, and others, there is some evidence 
to believe that the seed-ferns may have 
given rise, along separate lines, to the 
cycadophytes‘ and the later angiosperms. 

The cycadophyte line (or lines!) is ex- 
tremely interesting and far more diverse, 
as far as the fossil forms are concerned, 
than most botanists suppose. A compre- 
hensive review of the Jurassic forms 
alone would be a monumental work, for 
it was at that time that the group appar- 
ently attained the peak of its evolution- 
ary power. Since a likely origin of the 
group lies in the medullosan seed-ferns, 
the present discussion will be accordingly 
restricted. 

The medullosas, which were abundant 
and widespread by Upper Carboniferous 
times, were seed-ferns of particularly dis- 
tinctive anatomical features, most strik- 
ing of which is the polystelic vascular 
system. Individually these steles consist 
of a small core of ‘‘mixed” primary wood 
(tracheids and parenchyma) surrounded 
by a rather well-developed secondary 
wood. Quite in contrast to the stems the 
vascular system of the petioles consists of 
numerous scattered small traces associ- 
ated with conspicuous secretory canals 
and fibrous strands, the general organiza- 
tion being superficially similar to that of 
a monocotyledonous stem. The restora- 
tion shown in figure 1 was prepared from 
a tristelar species. Medullosa thompsoni, 
from Iowa. Probably a dozen or more 
fronds were borne on the plant. In the 
restoration, however, it seemed most 


Heterangium, 


+This term is used here to include all plants 
living and fossil that are referred to the Bennettitales 
and Cycadales. 
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feasible to draw one in accurate detail 
me (2, 23) rather than attempt to show them 
usj } all. During recent years four species of 
m. Medullosa have been described (2, 3, 31, 
siti 35) from American coal balls, and within 
nee the last few months two others have been 
Wve found in coal balls in the writer’s labora- 
the | tory. One of these is certainly distinct 
ns. and the other very likely so. 
ex. The abundance of stem remains, and 
a: particularly of petioles, in petrifactions 
ed. from Iowa and Illinois leaves no doubt 
re- that the group’ was an important ele- 
-_ ment of the vegetation. 
for Long ago it was pointed out that there 
-" is a close comparison between the single 
“ stele of Heterangium (a seed-fern stem 
he genus known from the Lower and Upper 
- Carboniferous) and the individual steles 
sly of the polystelic Upper Carboniferous 


medullosas. In this respect we may at 
least tentatively look upon the bistelar 
M. distelica (31) as a primitive species 





US 
ig. and the tristelar M. thompsoni and M. 
me. anglica as more advanced. One of the two 


recently discovered specimens mentioned 
above consists of a small stem approxi- 
mately 2 cm. in diameter and having a 
stelar system of at least five steles. The 
latter, as well as M. noei (35), seems to 
point quite clearly in the direction of the 
much larger and equally more complex 
stelar forms of the Permian, which in 








als turn approach the stelar structure found 
a. §  incertain modern cycads. This apparent 
of line of stelar evolution has been consid- 
-4- § ered by a number of previous writers and 
m | needs no further elaboration here. It is 
i, E significant, however, that the recently 
2 described American medullosas offer sup- 
m_ port to it.° 


‘This word is used advisedly, since the wide 
range in anatomy exhibited by the Upper Carbonif- 
erous and Permian medullosas almost certainly 
represents an assemblage of familial or possibly 
ordinal rank rather than simply a genus. 
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Any discussion of the Carboniferous 
seed-ferns, however brief, cannot fail to 
consider the very distinctive array of 
microsporangiate organs recently studied 
and elaborated in such masterful fashion 
by HALLE (15). It is supposed by a num- 
ber of paleobotanists that at least some 
of these fructifications were the pollen- 
bearing organs of the medullosas. All, 
with the exception of Potoniea and Do- 
lerotheca, are hollow, bell-, or ovoid- 
shaped organs (figs. 12-15) consisting of 
a fused ring of elongate sporangia con- 
taining exceptionally large pollen grains. 

A brief summary of the foliage associa- 
tion of these microsporangiate organs is 
especially pertinent: Goldenbergia has 
been found associated with Cyclopteris 
type pinnules, and, since the latter are 
borne on Neuropteris fronds, there is a 
suggestion of neuropterid affinities here; 
the Boulaya fructifications have been 
found closely associated with Alethop- 
teris, Neuropteris, and Lonchopteris foli- 
age, while specimens of Whiltleseya ele- 
gans from Iowa, Ohio, and Arkansas are 
associated with Alethopieris. HALLE (14) 
gave the following summary to which it 
seems safe to attach considerable signifi- 
cance: “‘While it is not yet possible to set- 
tle beyond doubt what plants bore the 
fructifications of the type of the W/ittle- 
seyinae, it is interesting to note that what 
evidence there is, all points in one direc- 
tion. It is very probable that these fructi- 
fications will be found to belong to one or 
several of the genera Alethopleris and 
Lonchopteris, and the sections impari- 
pinnatae of Neuropteris and Linopieris. 
The sections paripinnatae of the Neurop- 


6 There is, of course, some question as to just 
how much taxonomic weight may be placed on the 
number of steles. In view of the correlating evidence 
of other anatomical characters, however, there is 
little doubt that the American species cited here are 
all distinct. 
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FIGs. 12-15.—Restorations of pteridosperm microsporangiate fructifications. Fig. 12, portion of fertile 
frond of Goldenbergia glomerata. Fig. 13, single synangium showing organization of sporangia. About X18. 
Fig. 14, restoration of Whittleseya elegans. Slightly enlarged. Fig. 15, portion of same in section. (All from 
HALLE [14].) 
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terideae, on the other hand, have spore- 
bearing organs of the Potoniea-type.” 
Of particular interest in this supposed- 
ly related group of pteridosperm micro- 
sporangia is the genus Dolerotheca. 
HALLE has restudied the specimens fig- 
ured by RENAULT (29) and given us a 
restoration of this massive pollen-bearing 
organ with its many sporangia inclosed 
in a parenchymatous ground tissue. 
More recently J. M. ScHopr has made a 
detailed and skilful investigation of three 
new species of Dolerotheca from Illinois, 
and the abundance of available well-pre- 
served material adds greatly to our 
knowledge of these fructifications. One of 
SCHOPF’s species attains a diameter of 
40 mm., impressive structures from the 
standpoint of size alone. Just how Do- 
lerotheca may be related to the other pol- 
len-bearing organs mentioned above re- 
mains to be determined. HALLE, while 
definitely leaving the problem open for 
the admission of further evidence, offered 
reasons for supposing that Dolerotheca 
was built on a cyclic plan like the other 
genera. The evidence presented by the 
American material does not bear this out. 
I have been permitted to quote the fol- 
lowing from ScHopr’s manuscript: ‘“The 
most surprising result of the present 
study from the standpoint of compara- 
tive anatomy is that Dolerotheca shows 
no evidence of cyclic organization or 
derivation. The radial arrangement of 
paired rows of sporangia is the dominat- 
ing feature. Toward the margin new dou- 
ble rows of sporangia are intercalated; 
the new rows do not appear at any uni- 
form distance from either center or pe- 
riphery, but are inserted at various posi- 
tions as the divergence between pre-ex- 
isting double rows affords space for their 
accommodation. Hence the symmetry of 
the Dolerotheca campanulum is decidedly 
radial in character and not cyclic. The 


wn 


symmetry is not very definite, however, 
and the central focus of rows is not neces- 
sarily in the exact center of the fructifi- 
cations.” 

Of special interest at the moment is 
the fact that ScHopr’s dolerothecas were 
found associated with medullosan peti- 
oles and Alethopteris foliage, and there is 
excellent reason to believe that the latter 
was borne on certain of the medullosas. 
He has also pointed out certain histologi- 
cal details in Dolerotheca, such as the 
presence of secretory canals and sclerotic 
strands, which present points of similar- 
ity with comparable structures in Medul- 
losa stems and petioles. 

It is certainly significant, if associa- 
tion of fossil remains means anything at 
all, to note the abundance of both seeds 
and medullosan stem and petiole remains 
in the Iowa coal balls. We now know of 
four species or varieties of Medullosa 
stems from Iowa alone, and associated 
with them are seeds such as Conostoma 
oblonga, Kamaraspermum leeanum, Roto- 
dontiospermum sp., and others which re- 
main undescribed. In 1937 ARNOLD and 
STEIDTMANN described (7) a seed from an 
Illinois coal ball under the new binomial 
Rotodontiospermum illinoense “found in 
intimate association with the petioles, 
stems, roots, and leaves of M. noei, all of 
which, except the leaves, were con- 
nected.” 

Although it is not difficult to conceive 
of the larger and more complex (stelar) 
medullosas of the Permian as being an- 
cestral to the cycadophytes, it must be 
admitted that there still remains a great 
gap in our knowledge concerning the 
origin of the seed- and pollen-bearing or- 
gans of the cycadophytes in general. In 
the case of Cycas revoluta and C. cir- 
cinalis one may regard their mega- 
sporophylls as being closest to the seed- 
bearing foliage of the pteridosperms. 
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Our knowledge of the way in which the 
seeds were borne on the medullosas is by 
no means lacking, but it is more or less 
indirect. Although at least two species of 
Neuropteris and two of Alethopteris (4, 
13) have been found bearing seeds (fig. 
17), no cases have been definitely linked 
with species of medullosan stem remains. 


[SEPTEMBER 


reduced” (13). In Emplectopteris triangu- 
laris “numerous seeds are attached to the 
surface of the pinnules, one on each; it 
would seem as if the seeds were placed on 
the upper side. The seed-bearing pinnules 
show no sign of reduction” (13). With 
reference to this last species, HALLE has 


kindly supplied me with supplementary 





Fics. 16-18. 


Fertile (seed-bearing) pteridosperm foliage from Permian of China. Fig. 16, Sphenopteris 


tenuis. Fig. 17, Alethopteris norinii. Fig. 18, Emplectopteris triangularis. (All from HALLE.) 


It is now evident that there was a good 
deal of variation in the way seeds were 
borne by the pteridosperms. In Calym- 
matotheca (Lyginopteris) hoeninghausi 
they were borne on nonfoliar branches 
of the frond. In Neuropteris oblonga the 
seeds were borne terminally on a normal 
foliar pinna-rachis. In Sphenopleris tenuis 
(fig. 16) ‘numerous seeds are borne on 
the rachises of the ultimate pinnae or on 
the extreme bases of the pinnules; they 
are undoubtedly placed orthe lower side. 
The seed-bearing pinnae are not at all 


information, obtained since the publica- 
tion of his 1929 paper, which may appro- 
priately be included here. In a letter of 
August 8, 1945, he wrote: ““Sphenopteris 
tenuis, my page 5, fig. 1, is not one of the 
best established cases of seed-bearing 
Pteridosperms, because there is after all a 
slight possibility that the supposed seeds 
may be propagative bulbs. I have had the 
same doubt about the second figure, that 
of Emplectopteris, on page 13 of my arti- 
= As for Emplectopteris my doubts 
were later set at rest through the discov- 
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ery of a better preserved specimen which 
showed the seed to be slightly winged 
and of the normal platyspermic bicuspi- 
date type, a structure that could not pos- 
sibly be imitated by a bulb.” Professor 
HALLE has kindly supplied me with a 
photograph of the revised restoration 
of Emplectopteris, and a part of this is 
shown in figure 18. 

From this series of examples it is evi- 
dent that the mode of bearing the seeds 
was variable. Another striking feature of 
the general seed organization is the ap- 
parent complete absence of a cupule in 
many of them. It is clear from such forms 
as WALTON’S Calathospermum scoticum 
that this enveloping organ was of early 
origin, and its absence in many of the 
later Upper Carboniferous and Permian 
forms would seem to suggest that in some 
lines of the seed-ferns it never was de- 
veloped. There is also a suggestion that 
those Paleozoic members of the pterido- 
sperms that did possess a cupule inclos- 
ing the seeds gave rise to the later Tri- 
assic corystosperms and Jurassic Cayto- 
niales, the latter very nearly attaining 
the angiosperm stage, while the medul- 
losan line, lacking the cupule, led into the 
cycadophytes. 

Although the present discussion is sup- 
posed to be confined to the seed-ferns, it 
may not be amiss at this point to allude 
briefly to a seemingly very significant 
fossil cycad. From the famous Jurassic 
plant beds of Cayton Bay in Yorkshire 
foliage of Nilssonia compta (fig. 19) and 
seed-bearing organs known as Beanta 
gracilis (figs. 20, 21) have been known 
for many years. The latter in their gen- 
eral organization present a rather striking 
comparison with a greatly elongated 
Zamia cone. More recently HARRIS has 
described two species of pollen-bearing 
cones (figs. 22, 23) under the name An- 
drostrobus wonnacotti and A. manis from 
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the same locality. The two species differ 
somewhat in size, A. manis being 5 cm. 
long and 2 cm. broad, while the cone of 
A. wonnacotti is 1 cm. broad and at least 
5 cm. long and has somewhat smaller 
pollen grains. The significant feature of 
these cones is the very close comparison 
they bear with the male cones of modern 
cycads. Harris’ careful study of the 
cuticular and other structural details, 
combined with the evidence of associa- 
tion, suggests that these seed- and pollen- 
bearing cones and foliage all belong to 
the same genus. Although the rather con- 
stant organization of the pollen-bearing 
cones in the living Cycadales allows rath- 
er little as far as comparison of this Juras- 
sic genus with a particular living genus, 
the organization of Beania points rather 
clearly to the Zamioideae (20). Thus, al- 
though the Paleozoic seed-bearing fronds 
may seem to support the usual concept of 
Cycas as a relatively primitive member of 
the Cycadales, it is a little disconcerting 
to find in the mid-Jurassic a member of 
the order so similar to the supposedly 
more advanced Zamia. 


MESOZOIC PTERIDOSPERMS 

There are now three fairly well-known 
groups of Mesozoic gymnospermous 
plants which may at least tentatively be 
included within the Pteridospermeae. 
Since certain of these have been consid- 
ered in some detail in recent texts, they 
will be alluded to but briefly here simply 
to add a certain aspect of completeness 
to the present discussion. 

THOMAS’ now classic account (36) of 
the Jurassic Caytoniales from the York- 
shire coast presented a highly problemati- 
cal group of plants for consideration and, 
second, served the very important fune- 
tion of stimulating a renewed and re- 
freshed interest in concepts concerning 
the origin of the angiosperms. In his 
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study of the caytonialian fruits, Caytonia 
and Gristhorpia—the latter since reduced 
to synonomy under Caytonia by HARRIs, 
(18)—Tuomas found no pollen grains on 
the inside of the “carpels.” In 1933 
Harris (17) described some representa- 
tives of the group (Caytonia thomasi) 
from a somewhat earlier (basal Liassic) 
horizon in Greenland, and in some forty 
macerated fruits he found pollen grains 
in half of them. It looked as though we 
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were dealing with a family of plants in 
which angiospermy could be pointed out 


without reservations. In a re-examina- § 


tion of the Yorkshire material, however, 
Harris (18, 19) has reported pollen 
grains in the micropyles of the seeds of 
both Caytonia and Gristhorpia. Although 
detracting in no way from the impor- 
tance of THomas’ original discovery, 
Harris’ findings indicate that the angio- 
spermous stage was not quite attained in 





Fics. 19-23.—Cycadean remains from Jurassic of Yorkshire. Fig. 19, Nilssonia compta. Fig. 20, Beania 


cone showing characteristic elongate nature. Slightly enlarged. Fig. 21, single Beania sporophyll showing 
seed, restored, in longitudinal section. Fig. 22, pollen-bearing A ndrostrobus cone. About natural size. Fig. 23, 
single sporophyll of Androstrobus showing sporangia on under surface. (Figs. 20-23 from HARRIS {16].) 
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these plants, or at least not constantly 
So. 

At least in a general way the earlier 
Triassic corystosperms (37) present a 
conceivable link between the late Paleo- 
zoic seed-ferns and the nearly angio- 
spermous Caytoniales. The terminally 
clustered microsporangia, fernlike foliage 
and cupulate seeds of the corystosperms 
leave no doubt as to their seed-fern af- 
finities and offer adequate evidence of the 
continuity of the group into the Meso- 
Zoic. 

The third group that I wish to men- 
tion is the Peltaspermaceae, the seed- 
bearing structures and foliage of which 
have been described from both the Rhae- 
tic of Greenland (16) and the Triassic of 
South Africa (37). According to HArRRIs’ 
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restoration, the seeds were borne around 
the periphery of the under surface of a 
peltate branch (figs. 24, 25). There is 
some evidence to indicate that a pollen 
chamber was present in the seeds at ma- 
turity. Although the foliage, which was 
likewise fernlike (fig. 26), and seed-bear- 
ing organs have not been found in organic 
contact, the association of the two is so 
constant in both Greenland and South 
Africa as to leave little doubt as to the 
correctness of the assumption that they 
belonged to the same form. 

These later groups indicate, if 
nothing else, that the pteridosperms were 
still a diverse and significant assemblage 
of plants in the Mesozoic. 
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Fics. 24-26.—Fig. 24, restored disk of Lepidopteris ottonis. About X4.5. Fig. 25, reconstruction of 
longitudinal section through seed showing probable mode of attachment to cupulate disk. (Both figures from 
Harris (16].) Fig. 26, frond of Lepidopteris natalensis. About half natural size. (From Tuomas [37]. 
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ON THE MORPHOLOGY AND RELATIONSHIPS OF THE TAXACEAE' 


RUDOLF FLORIN 


Introduction 


In the past the Taxaceae (26) have 
almost without exception been referred 
to the Coniferae (or Coniferales) and re- 
garded as “conifers without cones.” 
Originally they were grouped with the 
Podocarpaceae (36), Cephalotaxaceae, 
and Ginkgoaceae into a tribe of conifers, 
but the Ginkgoaceae were soon regarded 
as representing a class and family of their 
own, and the Podocarpaceae (40) are 
now generally accepted as constituting a 
separate family of the Coniferae. The 
Cephalotaxaceae are still variously 
treated, viz., as a group of the family 
Taxaceae or as a family of their own, 
either placed close to the yew family or 
regarded as of very different phylogenetic 
origin. About 10 years ago PULLE (28, 
29) proposed a revised classification of 
the Coniferae: 

I. Order Araucariales: 
1. Fam, Araucariaceae 
II. Order Podocarpales: 
2. Fam. Podocarpaceae 
III. Order Pinales: 
3. Fam. Pinaceae 
IV. Order Cupressales: 
4. Fam. Cupressaceae 
5. Fam. Taxodiaceae 


‘Invitation paper presented at the symposium 
on “Evolution and classification of gymnosperms” 
conducted at a joint session of the Paleobotanical 
Section of the Botanical Society of America and the 
Society for the Study of Evolution, at Chicago, 
Illinois, December 30, 1947. 


V. Order Taxales: 
6. Fam. Cephalotaxaceae 
7. Fam. Taxaceae 


PULLE (28) wrote: “The division into 
the three families Taxaceae, Pinaceae (or 
Abietaceae), and Cupressaceae gives a 
perfectly wrong idea of the great differ- 
ences in form which are found within this 
Class. In conformity with NEGER and 
PitceR, I have distinguished seven 
groups, three of which (the Araucariales, 
the Podocarpales and the Pinales) are 
considered as Orders, while of the re- 
maining four groups two have been 
classed in the Order Cupressales and two 
in the Order Taxales. Not without hesita- 
tion, however; the distinction of seven 
orders could, surely, also be defended.” 

Not even PULLE’s classification is en- 
tirely satisfactory. It does not take into 
sufficient account the important fact 
that the Taxaceae (including A mento- 
taxus, referred by PILGER, PULLE, and 
others to the Cephalotaxaceae) lack 
cones (inflorescences or biaxial strobili) 
in the female sex but have simple (uni- 
axial) flowers, each with a single ovule 
placed terminally on the flower axis it- 
self. PuLLE thought that, among the 
conifers, the Taxaceae possess the most 
reduced female strobili, but there is no 
evidence at all that these have been 
evolved from any of the structures found 
in the true conifers. 
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According to SAHNI (32, 33), the 
genera Taxus, Torreya, and Cephalotaxus 
are structurally so distinct from the 
podocarps and other conifers that they 
deserve the rank of a separate phylum, 
Taxales, in the sense of a group equal in 
rank to the Coniferae. Thus, contrary to 
PILGER (26) but in conformity with 
PULLE, SAHNI regarded the Taxaceae 
and the Cephalotaxaceae as closely re- 
lated groups. 

Finally, it should be pointed out that 
PILGER (26:162) had his doubts about 
treating the conifers (including the 
taxads) as a single class: “Under ihnen 
sondern sich von den iibrigen Familien 
stiirker die Araucariaceen einerseits und 
die ‘Taxaceen andrerseits, wenn man bei 
den letzteren eine urspriingliche terminale 
Samenanlage und ein urspriinglich schild- 
férmiges (nicht abgeleitet hypopeltates) 
Staubblatt annimmt.”’ 


Fossil taxads 


Extensive research into the morphol- 
ogy and taxonomy of Upper Paleozoic, 
as well as Lower and Middle Mesozoic, 
conifers has shown that almost all hither- 
to known types are characterized by 
conelike inflorescences in the female sex, 
resembling in this respect the Paleozoic 
Cordaitales. The exceptions are only two, 
viz., the genus Palaeotaxus Nath., with 
a single hitherto known species P. redi- 
viva Nath. of the Upper Triassic of 
South Sweden, and the genus Taxus L. 
itself, represented by T. jurassica Florin 
of the Jurassic of Yorkshire, England 
(12:515). The latter species corresponds 
closely to the recent yews in form, in 
size, in arrangement and orientation of 
the foliage leaves, and in their epidermal 
(including stomatal) structure. In the 
axils of the foliage leaves Palaeotaxus has 
single, small, radially symmetrical female 
flowers. They consist of an axis carrying, 
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laterally, spirally disposed sterile scales 
and, terminally, an almost spherical, 
erect ovule, enveloped not only by the 
scales but inside these apparently also by 
a well-developed aril. Taxus jurassica 
has fertile, radially symmetrical, and ap- 
parently uniaxial dwarf-shoots, placed 
singly and axillary in the basal region of 
ordinary vegetative shoots. Here, too, 
the ovule is inclosed by an aril and sur- 
rounded at the base by several sterile 
scales. The primary ovuliferous branch 
of T. jurassica is a vegetative shoot of 
unlimited growth, a condition which is 
probably more primitive than that char- 
acterizing recent Taxus, where the pri- 
mary shoot is generally a vegetative 
shoot of limited growth, although per- 
sistent for an indefinite period and pro- 


ducing secondary fruiting shoots season | 


after season (10:499). 

As to the cone-bearing fossil forms, the 
study of the female flowers of the species 
of Lebachia of the Upper Carboniferous 
and Lower Permian—compared with 
those of Cordaianthus—has given us the 
key to the morphological interpretation 
of the geologically younger and varied 
types. The flower or ‘‘seed scale com- 
plex” of the true conifers was originally a 
radial fertile dwarf-shoot, placed in the 
axil of a bract on the axis of an inflores- 
cence; the axis of the flower carried 
several spirally arranged sterile scales 
and, intermingled with them, macro- 
sporophylls (‘seed scales’), each with 
a single terminal and erect ovule. The 
different subsequent types apparently 
have arisen from this basic complex 
by various transformations and reduc- 
tions (14, 16). 

P. rediviva and T. jurassica differ fun- 
damentally from the cone-bearing fossil 
types by their lack of inflorescences; the 
flowers thus occur singly in the axils of 
foliage or scale leaves. In this respect 
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they show no close relationship either to 
the true conifers or to the cordaites. The 
fact that such well-defined types occur 
already in strata of Upper Triassic age 
precludes the possibility of the female re- 
productive organs of Palaeotaxus and 
Taxus having arisen by reduction and 
transformation from a primitive seed- 
scale complex with lateral seed scales or 
macrosporophylls, like that of Lebachia 
(21). 
Recent taxads 

The living taxads represent five gen- 
era: Taxus, Torreya, Nothotaxus (13), 
Austrotaxus, and Amentotaxus (12:625). 
The genus Cephalotaxus belongs to the 
conifers but appears to occupy an iso- 
lated position among the recent represen- 
tatives of this class (12:615, 643). 


FEMALE FLOWERS? 


As we know, the living taxads, too, 
lack conelike inflorescences in the female 
sex, and there is no indication that this 
condition has been attained by reduc- 
tion. On the contrary, the morphological 
features favor the opinion that no cones 
or inflorescences were ever produced in 
the taxads, but only simple flowers oc- 
curring singly in the axils of foliage leaves 
or leaf scales (17, 18). The fertile shoot 
system in recent Taxus, with a reduced 
primary shoot carrying fertile secondary 
dwarf-shoots, appears not to have devel- 
oped until the beginning of the Tertiary 
and is evidently not associated with the 
original cone formation in the conifers, 
which occurred in Paleozoic times. The 
secondary dwarf-shoot originates in the 
axil of one of the youngest scales on the 
primary shoot and produces three pairs 
of decussate scales protecting the young 
ovule, terminally placed on the flower 
axis. In contrast to the secondary shoot, 


2 Cf. bibliography in 12:618, 622, and 625. 
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ds 


the leaves or scales of the primary shoot 
are spirally disposed (24, 25). 

In Nothotaxus the female (uniaxial) 
flowers are placed singly in the axils of 
foliage leaves on a primary shoot of 
unlimited growth. The flower axis carries 
decussate sterile scales (seven to eight 
pairs) and a terminal erect ovule, a direct 
continuation of the axis and in its early 
stages of development concealed behind 
the scales. Austrotaxus (34) and Amento- 
taxus are also characterized by the fe- 
male flowers being placed axillary on 
vegetative shoots of unlimited growth, 
but in the former genus the sterile scales 
on the flower axis are spirally arranged, 
while in Amentotaxus (as in Taxus and 
Nothotaxus) they are decussate (five 
pairs in Amentotaxus). 

Torreya, with a reduced primary ovu- 
liferous branch, corresponds to the usual 
condition in modern Taxus. Rudimen- 
tary lateral shoots carry normally two 
transversely placed secondary fertile 
shoots or flowers. Sometimes a primary 
shoot carries two to three such pairs of 
flowers, indicating that in Torreya, too, 
the primary shoot was originally more 
prominently developed (22). 

Thus, all five genera exhibit the same 
character, viz., the flower axis itself ter- 
minates in an erect, atropous ovule. This 
feature clearly differentiates the taxads 
from the true conifers, whose atropous 
ovules are placed terminally on lateral 
macrosporophylls (12). 

In Taxus the very young nucellus has 
at first at its base two opposite crescent- 
shaped swellings, orientated transversely 
to the uppermost pair of scales on the 
flower axis. The growth of the underlying 
tissue soon unites these swellings into a 
ring-shaped wall, the single integument. 
Sometimes, however, these protuberances 
appear to have been three or four in num- 
ber. Usually in Austrotaxus and Torreya, 
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too, the integument seems to originate 
from two opposite units, while in A mento- 
taxus possibly more than two are in- 
volved. 

The taxad ovules are further charac- 
terized by an aril arising from the flower 
axis. But this aril does not develop uni- 
formly in all genera. In Taxus it grows 
slowly at first, but more rapidly later, 
when the seed is ripening, until it usually 
surrounds the whole seed in the form of a 
cup, free from the testa. In Torreya the 
ripening seed is also entirely enveloped 
by an aril (15). In contrast to the condi- 
tions seen in Taxus, this aril grows rapid- 
ly, while strong intercalary growth takes 
place at the base of the ovule. The free 
part of the aril is pushed upward, while 
the part added to it from below fuses 
with the integument. The free part cor- 
responds to the whole aril of Taxus; the 
intercalated part is new and constitutes a 
cuplike extension of the flower axis. 
Austrotaxus and Nothotaxus behave es- 
sentially as does Taxus; Amentotaxus re- 
sembles Torreya in the strong intercalary 
growth of the aril but differs in that the 
intercalated part is eventually separated 
from the testa (12). 

Consequently, the aril of the Taxaceae 
is not a homogeneous structure. The 
more primitive stage is characteristic of 
Taxus, Austrotaxus, and WNothotaxus, 
whose arils correspond only to the free 
upper collar of the arils of Torreya and 
Amentotaxus. 

The course taken by the vascular bun- 
dles in the female flowers is also of great 
interest (1). When the invariably single 
bundles of the sterile scales have left 
the central cylinder, there remains at the 
top of the flower axis a ring of collateral 
bundles numbering seven or eight in 
Amentotaxus, but only four in Taxus. 
In Amentotaxus these bundles do not 
fuse, each running separately into the 
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intercalated part of the aril. In Taxus 
the bundles’ usually fuse in pairs, leav- 
ing two double bundles to enter the 
base of the ovule. Sometimes, however, 
fusion is wholly or partly inhibited, 
or other complications may occur, so 
that three or four single instead of 
two double bundles enter the ovule. 
In such cases the seed has three or 
four ribs on its surface in place of the 
normal two. In Nothotaxus and Austro- 
taxus—and probably also in Torreya— 
only two bundles are apparently left at 
the base of the ovule. In Austrotaxus 
these bundles enter the integument di- 
rectly, each giving off two nearly hori- 
zontal branches immediately above the 
level of the base of the prothallus, while 
the main stems of the bundles continue 
toward the micropylar region. There are 
no vascular bundles in the aril. The 
course of the bundles in Taxus and 
Nothotaxus resembles that in Austro- 
taxus, but the bundles do not ramify in 
the integument. Torreya and Amenio- 
taxus, on the other hand, differ more dis- 
tinctly from Austrotaxus, as a result of 
the intercalary growth in the basal region 
of their ovules. In Torreya the two 
bundles entering the ovule ramify in the 
intercalated part of the aril, producing 
one tangential series of bundles on each 
side. From the middle bundle of each 
series one weak bundle branches off into 
the integument at the level of the base of 
the free part of the nucellus. This bundle 
divides into two, and, together with 
those of the opposite middle bundle, its 
branches form a horizontal ring (invisible 
in the ripe seed) around the base of 
the free part of the nucellus (21, 32). 
In Torreya no branch of the bundles 
in the integument appears to reach 
the micropylar region. Amentotaxus 
contains no bundles in the integument, 
and the numerous bundles in the inter- 
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calated part of the aril cease approxi- 
mately halfway up the ovule. Like 
Austrotaxus, Taxus, and WNothotaxus, 
neither Torreya nor Amentotaxus has 
any true bundles in the free part of the 
aril. Consequently, a distinct tendency 
toward reduction in vascularization of 
the integument can be observed in the 
Taxaceae, which in all probability is con- 
nected with the formation of the hypo- 
sperm in the more advanced types. 

If one judges by the course of the 
vascular bundles, the integument of the 
taxad ovules appears to have been origi- 
nally of multiple origin, ie., to have 
arisen from a ring of sterile, lateral units 
—all uninerved at the base—coalescing 
as the underlying tissues grew (35). The 
position of these units in relation to the 
macrosporangium and the course of the 
bundles in the integument of A ustrotaxus 
indicate that each of these units is equiv- 
alent to the entire macrosporophyll of 
the Cordaitales and Coniferae, the 
integuments of which are formed by two 
opposite branches of the macrosporo- 
phyll. 

MALE FLOWERS 

While the female cones (inflorescences) 
and flowers of the Paleozoic Lebachia can 
easily be derived morphologically from 
the even more primitive inflorescences of 
the Cordaitales, there is a considerable 
gap in the male sex between this group 
and the oldest known true conifers (12). 
In Lebachia the axis of the male flower 
carries exclusively microsporophylls, 
which are hypopeltate, hyposporangiate, 
and bisporangiate. In the cordaites the 
microsporophylls on the flower axis are 
intermingled with sterile scales; they are 
in no way “peltate,”’ rather they are 
acrosporangiate, i.e., they carry terminal 
clusters of from four to six erect micro- 
sporangia. In addition, the male flowers 
of the cordaites are united into inflores- 
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cences, while in the Upper Carboniferous 
and Lower Permian conifers they occur 
singly and terminally on ordinary, vege- 
tative lateral shoots of the last order. No 
male flowers of taxads are yet known 
from Upper Paleozoic or Lower Mesozoic 
strata (19). This is unfortunate, as their 
structure would perhaps have thrown 
light on phylogenetic problems of great 
interest. But the structure of the male 
flowers and microsporophylls of the liv- 
ing taxads displays such striking features 
that certain conclusions appear to be 
justified. The occurrence of male flowers 
characterized by the microsporophylls 
being intermingled with sterile scales and 
the formation of radially symmetrical 
microsporophylls appear to separate the 
taxads more widely from the true coni- 
fers than from the cordaites (43). 

In Nothotaxus, Taxus, and Torreya the 
male flowers occur singly in the axils of 
foliage leaves. The genus Nothotaxus is 
especially characterized by the morphol- 
ogy of the male flower (13). Its axis car- 
ries eight decussate sterile scales at the 
base, and above them about ten more or 
less distinctly whorled, stalklike, radially 
symmetrical, and perisporangiate micro- 
sporophylls, usually numbering four or, 
in the apical region of the flower, three, 
two, or one in each whorl. However, the 
fertile and vegetative regions of the male 
flower are not clearly separated, since the 
flower axis usually carries two sterile 
scales above the lowest whorl of micro- 
sporophylls. These scales may constitute 
a whorl of their own but more frequently 
are attached to the axis at different lev- 
els. In the latter case each forms a part of 
a whorl, the remainder of which is made 
up of sporophylls. The sporophylls carry 
from four to six united microsporangia 
at their tips; there are no distinct 
umbrella-shaped structures. 

The mingling of microsporophylls and 
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sterile scales in the fertile region of the 
male flower offers some resemblance to 
Cordaianthus penjoni Renault (12:440, 
text fig. 38), but in the latter the sterile 
and fertile organs are arranged spirally 
on the axis, and their total as well as their 
relative numbers are quite different. The 
absence of such a segregation of the 
sterile and the fertile regions appears to 
be a primitive feature retained in Notho- 
taxus, notwithstanding the change into a 
whorled arrangement of scales and 
sporophylls. 

In Taxus (9) the axis of the male 
flower also carries about ten decussate 
sterile scales at its base. Above them 
there are from six to fourteen radially 
symmetrical and perisporangiate micro- 
sporophylls, each with six to eight 
sporangia. 

In Torreya the numerous microsporo- 
phylls are arranged in alternating whorls 
of four above the basal region, where the 
floral axis carries four rows of sterile 
scales. Each sporophyll is stalklike in its 
basal part but dorsiventral in its apical 
portion, where it is expanded into a short 
and rather broad, scalelike structure, in- 
dented adaxially and usually carrying 
four abaxial, free, and pendent sporangia. 
But, according to COULTER and LAND 
(5:163; cf. 302135), Seven sporangia are 
present up to the primary sporogenous 
cell stage—three adaxial and four abaxial 
—all radially arranged as in Taxus. The 
adaxial sporangia usually do not develop 
further and are ultimately replaced by a 
large resin cavity. Occasionally, however, 
fully developed perisporangiate micro- 
sporophylls with six or seven sporangia 
are formed. The male flower of Torreya 
thus shows distinct reduction phenomena 
resulting in dorsiventrality in the forma- 
tion of the sporophylls. The discovery of 
a flattened, hyposporahgiate and_bi- 
sporangiate microsporophyll in Notho- 
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taxus as an intermediate structure be- 
tween the normal stalklike, perisporangi- 
ate, and four-to-six-sporangiate sporo- 
phylls and the flattened sterile scales in 
the fertile region of the flower seems to 
support this interpretation of the Tor- 
reya microsporophyll. 

The male flowers of Austrotaxus are 
strongly reduced (34). The axis is ex- 
tremely short and carries only one to 
three radially symmetrical, rudimentary 
sporophylls, each with three closely 
united sporangia at the apex. In contrast 
to Nothotaxus, Taxus, and Torreya, the 
male flowers are here borne in the axils of 
bracts in an extended spicate inflores- 
cence. 

In the male sex A mentotaxus resembles 
both Austrotaxus and Torreya to a cer- 
tain extent. Here the hemispherical male 
flowers occur in the axils of bracts, form- 
ing spikelike inflorescences, the axes of 
which are either undivided or once bifur- 
cated. The inflorescences are placed in 
groups of from two to four at the end of 
typical vegetative shoots, and at their 
base they have stiff and keeled scales in 
two or four rows. The flowers, however, 
are much less reduced than in Austro- 
taxus. Amentotaxus has dorsiventral mi- 
crosporophylls like Torreya, with a scale- 
like distal part which as a rule carries 
three to five pendent sporangia (41, 42). 

To my mind the radially symmetrical, 
perisporangiate microsporophylls of No- 
thotaxus and Taxus are more primitive 
than the dorsiventral, hyposporangiate 
sporophylls of Torreya and Amentotaxus. 
Austrotaxus resembles more the former 
than the latter genera. But the peri- 
sporangiate microsporophyll may in its 
turn be derived morphologically from an 
undifferentiated, dichotomizing branch 


system, a sporangial truss, with terminal § 


and erect sporangia. Such male sporan- 
gial trusses were, therefore, probably 
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characteristic of the oldest representa- 
tives of the taxad group or their fore- 
runners. 

Contrary to the conditions in the 
taxads, the true conifers, including all the 
hitherto known fossil types, have dorsi- 
ventral and hyposporangiate microsporo- 
phylls, and the flower axis always carries 
exclusively such sporophylls in the fertile 
region (7, 8). The micresporophylls of the 
conifers have probably also evolved from 
radial, repeatedly dichotomizing sporan- 
gial trusses with terminal, erect sporan- 
gia. But as regards the phylogeny of the 
male flower the conifers seem to differ 
from the taxads in the absence (or pos- 
sibly much more rapid passing) of that 
interesting intermediate stage between 
the acrosporangiate and the hyposporan- 
giate forms of the microsporophylls re- 
tained in Taxus and Nothotaxus (6, 37). 


Systematic position of 
the taxads 


It is evident from this discussion that, 
in certain respects, the taxads stand 
clearly apart from the true conifers. Of 
these, the position of the ovule is the 
most important. In the taxads it is al- 
ways a direct continuation of the flower 
axis, while in the conifers (and the cor- 
daites) it is essentially terminal on more 
or less stalklike lateral appendages (ma- 
crosporophylls) of the flower axis, which 
were distinctly produced in the oldest 
known genera. Further, the conifers (and 
cordaites) have well-developed or more 
or less strongly reduced conelike (biaxial) 
inflorescences composed of female flowers 
placed in the axils of bracts. The taxads, 
on the other hand, are characterized by 
having (uniaxial) female flowers placed 
singly and axillary on vegetative shoots 
sometimes greatly reduced. Unlike the 
conifers, the taxads always bear erect 
ovules, each of which is inclosed by an 
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aril arising as an outgrowth from the 
flower axis. The male flowers of the 
taxads are particularly remarkable for 
the radially symmetrical, perisporangiate 
sporophylls found in certain genera and 
for the gradual change from this form to 
a dorsiventral structure in others. The 
sterile scales between the microsporo- 
phylls in Nothotaxus obviously constitute 
a primitive feature unknown in the true 
conifers. Finally, all taxads are distin- 
guished from the majority of the conifers 
by the absence of bladders on their pollen 
grains (31). 

On these grounds I propose to exclude 
the taxads from the Coniferae and to in- 
clude them in a separate class of the 
gymnosperms (12:515, 525, 618, 644, 
649, and 653). Provisionally, this class 
might be called Taxales (or Taxinae), 
until the type of ending for group names 
of this rank has been fixed. 

SAHNI (33) proposed grouping the 
Cordaitales, Ginkgoales, Taxales, and 
Coniferae into a major division of the 
Gymnospermae. He designated this divi- 
sion Stachyospermae, as the seeds are 
“borne either clearly upon an axis, or 
upon a structure which is probably some 
modification of an axis.” SAHNI’s view 
that these classes constitute a natural 
assemblage, more closely interrelated 
among themselves than any one of them 
to the other groups commonly referred to 
the gymnosperms, appears to be sup- 
ported by the results of recent researches 
on the morphology and phylogeny of 
Paleozoic and Mesozoic conifers. 

There is on the whole a growing tend- 
ency to give up the old classification of 

3 It should be pointed out that the ending -ales is 
not uniformly used in nomenclature, as—although 
generally designating orders (3:5)—it has also been 
adopted for classes of gymnosperms in ENGLER’s Die 
natirlichen Pflanzenfamilien. The ending -inae was 
used by WETTSTEIN (39) for classes of pteridophytes 


and gymnosperms, while also designating subtribes 
(3:6). 
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the Spermatophyta into Gymnospermae 
and Angiospermae and to express the 
great diversity of the former by exclud- 
ing certain groups and giving them equal 
subdivisional rank (2, 44). 

PULLE (28, 29) thus distinguished four 
subdivisions of the Spermatophyta, viz., 
Pteridospermae, Gymnospermae, Chlam- 
ydospermae (including the orders Gne- 
tales and Welwitschiales), and Angio- 
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spermae. In the Gymnospermae he re- 
tained the Cycadinae, Bennettitinae, 
Cordaitinae, Ginkgoinae, and Coniferae 
(including the Taxales). But even this 
arrangement appears to me rather un- 
satisfactory, although I am not prepared 
at present to subject the problem to the 
close analysis that it no doubt deserves. 


Hortus BERGIANUS 
STOCKHOLM 50, SWEDEN 
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ROBERT BOYD THOMSON’S MORPHOLOGICAL AND 
PHYLOGENETICAL STUDIES BEARING ON 
GYMNOSPERM TAXONOMY' 


NORMAN W. 


In a recent paper (6) the writer dis- 
cussed the meaning of taxonomy and ex- 
plored the principles basic to modern 
taxonomy. The sole purpose in this was 
to establish a method of application 
which could be appreciated by all who 
might be concerned with the problem. 
The interpretation of taxonomy devel- 
oped in that discussion applies as an in- 
troduction here. 

It was stated by Hux Ley (4): “The 
very success of taxonomists in collecting 
material from all parts of an organism’s 
range, in separating and naming groups, 
and of drawing ever finer distinctions has 
thrown up a number of general questions 
which must be answered if taxonomy is 
to find principles which will enable it to 
cope with the vast burden of its own 
data, and to advance to the status of a 
fully-fledged sub-science in which obser- 


‘Invitation paper presented at the symposium 
on ‘Evolution and classification of gymnosperms” 
conducted at a joint session of the Paleobotanical 
Section of the Botanical Society of America and 
the Society for the Study of Evolution, at Chicago, 
Illinois, December 30, 1947. 


RADFORTH 


vation and theory, deduction and experi- 
ment all contribute to progress.” 

The research of the late Professor 
RosBert Boyp Tuomson and his result- 
ing contributions to the field of morphol- 
ogy, anatomy, and embryology has pre- 
sented a challenge to the botanical world. 
His work has presented new principles 
and encourages reconsideration of certain 
old orthodox views. So fundamental are 
his contributions and so vast is the list of 
data that has arisen out of his work that 
modern taxonomy cannot ignore them. 
Much of Tuomson’s contributory evi- 
dence is of a phylogenetic nature, but this 
is not to say that it cannot be utilized in 
taxonomic endeavor. The statement that 
the writer made elsewhere (6) might be 
profitably injected here: “Phylogeny . . . 
is not to precede taxonomy though it is 
not to be divorced from the system. 
Basically, however, the system could 
still be a natural one as opposed to the 
last possibility—an artificial system. A 
natural system is one which groups to- 
gether individuals which have a large 
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number of attributes in common, and an 
artificial one groups together individuals 
having a small number of attributes in 
common.” In the light of this interpre- 
tation, THOMSON’s work has a distinct 
bearing on the problem of applying the 
law to the order in the plant kingdom. 

With this basis as a background let 
us proceed to an examination of his 
discoveries. 

1 hesitate to say where THOMSON’s 
greatest contribution toward solution 
of fundamental phylogenetic problems 
stands, since the application of his re- 
sults relates so broadly to our interpre- 
tation of the plant kingdom. Certainly, 
however, no morphologist—indeed, no 
botanist in his fundamental training— 
can afford to by-pass in the course of ac- 
cumulation of his knowledge the com- 
prehensive studies that THomMson made 
on the subject of the free-sporing and 
seed habit. And yet they have been ig- 
nored in more than several textbooks on 
fundamental botany. 

THOMSON’s quest as he pursued this 
work was an old one. He sought the an- 
swer to the question: “Wherein lies the 
origin of the seed plants?” In pursuit of 
the goal he once stated (14): “Needless 
to say I welcome any designation that 
will serve to eradicate the old idea that 
difference in size of spore is essential to 
the seed habit.” From this THomson 
would likely lead us enthusiastically on 
to face morphological problems and con- 
cepts pertinent to the remark. By nature 
of the present topic, however, I choose to 
emphasize the taxonomic implication in 
the statement. We use homospory and 
heterospory as taxonomic tools and apply 
them to fossil plants as well as to living. 
Whether this application brings to light 
artificial or natural relationships matters 
little here. The point is that the condi- 
tions are utilized in implementing and in 
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interpreting the “‘law of order.” There- 
fore, we should be careful to use them 
validly. To insist that a great group of 
plants contains only heterosporous types 
if there is a possibility that they are ho- 
mosporous is certainly not assisting taxo- 
nomic procedure. 

Perhaps only a few know the story 
which started THOMSON’ measuring 
spores. In 1904 he upheld ‘‘the orthodox 
view” (14) and could have with difficulty 
appreciated a later statement of Scott 
(7): “As a palaeobotanist, I have no 
prejudice in favour of the origin of the 
flowering plants from  heterosporous 
Cryptogams.” THOMSON was interested 
in measuring the thickness of the ‘‘mega- 
spore’? membrane in the pteridosperm 
fructifications of Scott’s collection. In 
these early seed plants perhaps there was 
a chance of finding among the slides a 
thick megaspore coat, a condition that is 
represented, as THOMSON stated (14), “‘in 
true heterosporous forms such as Sela- 
ginella and the leptosporangiate ferns.” 
It was his disappointment in finding not 
thick but thin membranes that started 
him measuring spores. It was a gigantic 
task, but he performed it for about one 
hundred different plants (10). Both seed 
spore (embryo sac) and pollen spore in- 
crease in size during endosporal prothal- 
lial development, but, while they are 
true spores and not enlarged to accom- 
modate the prothallium, their size dif- 
ference is negligible. This is to say, of 
course, that the seed plants are homos- 
porous. 

Swinging again to a taxonomic impli- 
cation of this, in relation to the modern 
system of classification adopted by Trppo 
(21), in which the terms “Trachaeo- 
phyta,” “Pteropsida,’ ‘‘Filicinae,” and 
““Gymnospermae” are used in preference 
to “Spermatophyta” and ‘“Pteridophy- 
ta,” the writer has suggested (6) that a 
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view is afforded facilitating the decision 
that certain pteridosperms might be 
classified naturally close to the Marat- 
tiaceae. The writer stated: “Opposition 
to this modification would in all likeli- 
hood arise out of an objection based on 
phylogeny. The Marattiaceous Ferns are 
homosporous whereas it is the popular 
view that the Pteridosperms along with 
the other seed plants are heterosporous. 
There is good evidence to show, however, 
that the seed plants are homosporous 
(THOMSON, 1927), and it is therefore 
questionable that the objection has any 
basis.” 

Whatever reception this suggestion 
draws, there is no doubt that universal 
acceptance of the proof that the flower- 
ing plants are homosporous involves 
other taxonomic implications derived 
through conclusions reached on second- 
ary phylogenetic problems. This observa- 
tion finds confirmation in two statements 
of THomson’s: “In a word, heterangy in 
combination with homospory and hetero- 
thally forms the distinctive features of 
the seed habit while heterospory repre- 
sents the culmination of the free-sporing 
habit” (14); and his most recent one on 
the point of homospory in seed plants: 
“The use of the terms macrospore or 
megaspore and microspore is still preva- 
lent in the literature of seed plants today, 
nearly twenty years after their spores 
were shown by actual measurements to 
be homosporous. Whatever the reason 
for such conservatism, the continued use 
of these terms perpetuates an error which 
is just as absurd as it would be if these 
terms were applied to the spores of such 
a form as Equisetum because of their 
heterothallic development. The result. is 
regrettable, not only as suggested in the 
case of the cause of the free nuclear con- 
dition, but in that it diverts attention 
from the important differences in mode 
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of provision of nutrition for the spores of 
free-sporing and seed-habit plants, differ- 
ences the recognition of which is of vital 
importance to the proper interpretation 
of the factors involved in the origin of the 
seed habit” (18). 

Before leading on to his other contri- 
butions it remains to be said that, quite 
apart from homospory versus heteros- 
pory, THOMSON’s admirable work on the 
“Evolution of the seed habit in plants” 
(10) is an intensive record of fact con- 
cerning attributes and their use in illus- 
trating relationship between the Gymno- 
spermae and the Eusporangiatae. 

Now let us turn to fundamental prob- 
lems basic to the interpretation of rela- 
tionship within the gymnosperms. 

A superficial survey of THOMSON’s 
method in revealing affinities within the 
gymnosperms brings to light a double ap- 
proach. One series of investigations lies 
within the field of comparative anatomy 
and morphology; another rests in em- 
bryogeny. This is suggested through ref- 
erence to the titles of the published work 
(8-20). 

In one of the latter THomson and Sir- 
TON (20) stated that the results of their 
study of Picea “have a distinct bearing 
on at least two general aspects of the 
resin canal problem in the conifers. In the 
first place, we have, in the accumulation 
of wound stimuli, an oecological explana- 
tion of the sporadic occurrence of resin 
canals in the outermost branches of ma- 
ture trees of species from which they are 
otherwise absent; and, in the second, the 
whole body of evidence from the study 
of Picea favours the hypothesis of a phy- 
logenetic increase of sensitiveness to 
wound stimuli among the conifers.” 

In the introduction to this paper it was 
stated that “every student of conifer 
wood structure is familiar with the im- 
portance that in modern anatomical 
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work is attached to the occurrence and 
distribution of resin canals. It is appar- 
ent in classification, identification, and 
above all in discussions of phylogeny.” 
This introductory statement points to 
taxonomic possibilities in the first quota- 
tion. Following this statement an exam- 
ple is given that “the Pineae are said to 
be distinguished by the normal occur- 
rence of resin canals throughout the sec- 
ondary wood, the Abieteae by their oc- 
currence practically only in response to 
wounding.” THoMsON and SIFTON saw 
the danger in the utilization of ligneous 
resin canals as taxonomic attributes be- 
fore origin and distribution had been 
carefully worked out. This was done for 
Picea, and the distribution pattern for 
resin canals in Picea was compared with 
that for Abies and Pinus from the point 
of view of wounding. The thorough anal- 
ysis led to the suggestion that the spo- 
radic occurrence of resin canals ‘‘would 
then be associated with the contingency 
of wounding, and not with their char- 
acter as vestigial structures.” It was fur- 
ther suggested that forms possessing 
them in greatest numbers (e.g., Pinus) 
would be most specialized. The sugges- 
tion proved valid, as shown to years later 
by BANNAN (1), who stated: ‘The evi- 
dence obtained from the study of field 
material and from experimental sources 
indicates that the more general occur- 
rence of ducts in the Pineae as compared 
with the Abieteae is correlated with this 
lengthening and scattering of the ducts 
produced subsequently to injury, rather 
than to a normal occurrence independent 
of wounding as has been commonly sup- 
posed. The different genera may be ar- 
ranged in a series in which there is an en- 
largement and dispersion of the response 
to injury. 

“Such conditions in the living forms, 
together with the available fossil evi- 
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dence, are indicative of a phylogenetic 
enlarging of the response to injury among 
the Abietineae.” 

The writer realizes that, although the 
fundamental piece of work carried out 
by THomson and SIFTON is valuable 
taxonomically, the application as a con- 
tribution bearing on gymnosperm taxon- 
omy is limited because of the fewness of 
the forms it involves. Within the Abie- 
tineae, however, it does much to assist in 
the formation of a valid interpretation of 
the nature of the orderliness within the 
group. 

In more recent work involving com- 
parative morphological studies in a wider 
taxonomic category, THOMSON made a 
contribution of correspondingly greater 
significance. The study embraced the 
Coniferales and was based on a consid- 
eration of male and female cone struc- 
ture (15, 16). The need for taxonomic re- 
finement within this group is suggested 
in HOMSON’s reference to the fact that 
there is “much difference of opinion on 
the structure and organization of the 
male and female cones in the Coniferae.” 
It was pointed out for one thing that the 
Taxus, Pinus, and Araucaria types of 
stamens are “regarded as primitive by 
different botanists.” 

In a new analysis of the problems in- 
volved in interpretation of cone and 
stamen organization it was established 
(a) that the stamen of Taxus is not primi- 
tively peltate and radially symmetrical 
but that this appearance is due to the 
fusion of dorsiventral sporophylls, usual- 
ly of two but sometimes of three; (6) that 
similar fusion occurs at the apex of the 
cone in every family of the conifers but 
rarely at other parts except in the Taxi- 
neae; and (c) that in Austrotaxus there is 
an additional fusion—that of the cone to 
the subtending bract. 

It is not the purpose of the writer to 
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present a critical review of the discussion 
and presentation of data which follow 
these three observations. The primary 
object is to retrieve the significant con- 
clusions which were reached. These are 
concisely presented in THOMSON’s words 
as follows (16): “In the final stage of the 
taxacean line both male and female cones 
are much reduced and have fused sporo- 
phylls, the female with a single apical 
ovule and elaborate individual protective 
structure, while in the final stage of the 
pinacean line both sporophylls have at- 
tained a stabilized two-sporangiate con- 
dition with the sporangia in the male 
grown to the filament and in the female 
partly embedded in the highly developed 
ovuliferous scale, the aggregate of such 
scales forming the most specialized com- 
munity type of ovular protection in the 
conifers. In the course of specialization 
of the male and female cones in both lines 
reduction and fusion play such signifi- 
cant rdles that they assume an impor- 
tance somewhat commensurate with that 
accorded them in connection with the 
flower of the angiosperms.”’ 

The usefulness of these conclusions on 
assisting in the interpretation of taxo- 
nomic relationships within the Coniferae 
is evident. The attributes referred to in- 
tensify the suggestion of natural rela- 
tionship within the group and facilitate 
understanding of the _ classification 
through lessening its artificiality. 

Perhaps the finest and most funda- 
mental contribution, however, which 
THOMSON offered bearing on taxonomy 
within the gymnosperms was made in his 
studies on embryogeny. The morphologi- 
cal attributes to which he referred relate 
chiefly to simple embryogeny (one em- 
bryo from one zygote) and budding and 
their relative frequency in the attain- 
ment of polyembryony. In 1945 he stated 
(18) that “in cycads and Ginkgo, provi- 
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sion for simple (one embryo from one 
zygote) is the ordinary method and bud- 
ding very exceptional; in conifers they 
are more or less equal, and in Gnetaceae 
provision for budding occurs in two of its 
three genera. Thus, in gymnosperms, if 
the sequence of the relative frequencies 
of these two provisions is indicative of 
the course of evolution, it is clearly that 
for simple which is being replaced by 
that for budding.” 

In a manuscript written in 1941 (17) 
he stated: “Simple polyembryony in 
plants corresponds to that type of multi- 
ple births in animals where each embryo 
is formed from the fertilization of a single 
egg, while the cleavage type finds its ani- 
mal counterpart in identical twinning.” 
He indicated that zodlogists generally re- 
gard the latter as more specialized. 

It was pointed out that a widely ac- 
cepted view for plants (e.g., Coniferae) 
is the one that cleavage polyembryony is 
the primitive condition with the “simple 
type” being derived from the cleavage 
type by fusion of parts. Although THom- 
son acknowledged the great contribution 
made by those who have advanced this 
view, it is clear that he could not accept it 
himself and explained the basis for his 
reasoning (18): “In the early stage of 
permanent multicellular organization, 
when reproduction is asexual, control 
over it is attained by setting aside certain 
cells especially for reproduction. While 
this function is confined to these cells un- 
der normal conditions, the cells of the 
soma retain to a great extent the poten- 
tiality to reproduce the whole organism, 
and although this potentiality is usually 
held under control (latent), it can express 
itself under some modification in the con- 
ditions under which the reproductive and 
somatic cells function normally. Asexual 
reproduction is, however, a slow method 
of attaining advance in organization 
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when compared with sexual, which not 
only provides facilities for combining ad- 
vances in different forms but also, in the 
sensitiveness of the meiotic process by 
which its gametes are formed, provides 
perhaps even greater facilities for such 
advance, affording as it does an impor- 
tant basis for the natural or artificial pro- 
duction of polyploid forms of different 
types. In sexual reproduction the indi- 
vidual gametes retain the potentiality to 
‘ reproduce the whole organism from the 
asexual reproductive cells from which 
they are differentiated and although they 
function normally by fusion and produc- 
ing an embryo by simple ontogeny, thus 
permitting the full benefits of the am- 
phimictic process to be realized, they can, 
under exceptional conditions, revert to 
asexual embryo formation (androgenesis 
and parthenogenesis). From the gametes, 
individual cells of the soma derive their 
potentiality to reproduce the whole or- 
ganism and retain it until eliminated by 
specialization. Since the early formed 
cells of the soma are less specialized than 
the later, the reason for the frequent re- 
tention by them of this potentiality is 
evident. When present, however, after 
the establishment of sexually initiated 
simple embryogeny (one embryo from 
one zygote), it can express itself only 
under some modification of the condi- 
tions under which simple embryogeny 
normally takes place, as demonstrated 
by the extensive work on animals. Thus 
the potentiality to reproduce the whole 
organism can be regarded as an inherent 
or constitutional feature derived from 
the original organization of the cell, and 
one which if not lost by specialization, or 
if not kept under control, interferes with 
evolutionary advance in multicellular or- 
ganization of the soma.” 

Since, as THoMSON said, “this basis is 
common to plants and animals, and since 
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it does not permit phylogenetic signifi- 
cance being attached directly to different 
forms of budding embryogeny,” it is con- 
trary to the view that budding embry- 
ogeny is the primitive condition when 
contrasted with the simple. 

Shortly before his death THOMSON was 
assembling experimental data which he 
planned to utilize in support of his ex- 
planation which marked simple embry- 
ogeny as primitive. Indeed, he had begun 
this task at least 3 years ago. In the 
course of his studies he made frequent 
reference to the work of BucHHOLz, who 
has contributed so much to our knowl- 
edge of embryogeny in the Coniferae. He 
discovered in so doing that on interpre- 
tation of certain fundamental phenom- 
ena pertinent to embryogeny he failed to 
agree with Bucuuotz. In order to be sat- 
isfied himself that he was aware of Bucu- 
HOLZ’ point of view in its completeness, 
he made a painstaking review of the 
former’s entire published contribution in 
the field. (May I say here that THomson 
would want me to indicate his admiration 
for the extensive investigation that 
Bucuuo1z has undertaken from the time 
of his first publication in 1918.) Subse- 
quently, THomson felt impelled, chiefly 
because of the fundamental implications 
involved through their differences, to 
publish the account explaining the rela- 
tionship between the viewpoints of the 
two men. This he carefully set out (18) 
in 1945. An indication of the thorough- 
ness with which THomson dealt with the 
BucuHHotz explanation is suggested in 
a quotation from this paper: “This ex- 
planation, which is essentially a defence 
of the primitiveness of the embryogeny 
of the pine and of its phylogenetic sig- 
nificance, will be considered, first from 


the standpoint of its general features and | 


their implications, and afterward from 
that of the particular arguments ad- 
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vanced. This will permit omitted evi- 
dence of a general character to be dis- 
posed of before considering that involved 
in particular points. In both cases its in- 
clusion will not only indicate the diffi- 
culties involved in the BucHHoLz expla- 
nation, but also something of the line 
along which their solution will be sug- 
gested in Part II.” Unfortunately, Part 
II will never be completed by Professor 
THOMSON. 

He went on to cite the phylogenetic 
basis proposed by BucHHOLz (2) in 1918: 
“Polyembryony by cleavage from 1 egg 
is no doubt a primitive gymnosperm 
character, even though it has persisted to 
the Ephedra level, where it is on its way 
to elimination. No angiosperm has shown 
this form of polyembryony, which is fur- 
ther proof that it is a primitive char- 
acter.” 

THOMSON’s initial difficulty in accept- 
ing this arose out of two observations he 
made relative to BUCHHOLZ’ statement. 
One I have already referred to regarding 
the relative frequency of simple and bud- 
ding embryogeny; the other is expressed 
in another statement (18): “If, however, 
it originated independently in angio- 
sperms this could lend no support to the 
view that it is ‘a primitive gymnosperm 
character.’ On the contrary, the assign- 
ment of independent origin to it in angio- 
sperms, where it occurs erratically in 
families belonging to different orders, is 
at least suggestive that it may have orig- 
inated independently in the various fam- 
ilies of gymnosperms, in which case the 
interpretation of its occurrence would 
conform with that proposed in animals 
and could not have the phylogenetic sig- 
nificance assigned to it by BUCHHOLZ.” 

Later THomson explained his diffi- 
culty in utilizing BucHHotz’ theory of 
the origin of simple polyembryony and 
finished his treatment of general aspects 
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of the case by indicating his stand with 
Doy_e and Loosy (3) that he preferred 
to regard cells of an embryonic group as 
potential embryo initials rather than 
actual embryo initials. THoMsoN’s final 
paragraph in this paper reads as follows: 

“Tn concluding this discussion of the 
morphological basis for the interpreta- 
tion of conifer embryogeny the writer 
wishes to point out that the use of this 
basis by Professor BUCHHOLZ in no way 
impairs the value of his outstanding con- 
tributions to our knowledge of conifer 
embryogeny. It does serve, however, to 
emphasize that the morphological expres- 
sion of any hereditary feature, whether 
it has an old constitutional basis or is due 
to recent mutation, cannot be used to de- 
termine the course of phylogeny until 
the extent of its variability under differ- 
ent conditions has been determined and 
taken into account. In fact, it was the 
discovery (THOMSON, 1940) of associa- 
tion between amounts of ovular food sup- 
ply and variations in anatomy of cone 
structure (which for over a hundred 
years had been interpreted on the basis 
of the stability of its anatomy) that di- 
rected the writer’s attention to the need 
for investigation of certain problems of 
embryology associated with food sup- 
ply.” 

It is within this statement that one dis- 
covers a related implication that in the 
selection of attributes for taxonomic des- 
ignation the investigator might be deal- 
ing with factors arising through induc- 
tion (e.g., presence or absence of external 
food), in which case their utilization as 
taxonomic indices must be treated in this 
light unless their value is to be held in 
question. Perhaps, however, the more ob- 
vious bearing that THomson’s explana- 
tions have for taxonomy is revealed 
through phylogenetic values. Here in the 
paper on embryogeny, as in his other 
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work, he champions the idea of advance- 
ment of organization in the pine. His 
strong feelings on this matter are reflect- 
ed in his statement (18): “Nor has refer- 
ence since been made to it (opposing evi- 
dence, e.g., PENHALLOW, 1907; THOMSON, 
1912; BURLINGAME, 1915) or to subse- 
quent evidence (e.g., THOMSON and Sir- 
TON, 1925; THOMSON, 1940) which has 
made the primitiveness of the pine still 
more questionable.” 

Then later (18) he stated: “However, 
by piecing together various interpreta- 
tions and statements, it finally became 
evident that the basic consideration lead- 
ing to acceptance of the budding embry- 
ogeny of the pine as the most primitive 
conifer type rests on acceptance of the 
view of the Harvard school of anatomists 
who regard the pine as the most primitive 
living conifer; and that it is with this 
view that the embryogenies of the pine 
and other conifers are to a large extent 
required to conform. The Harvard view 
of the degree of primitiveness of the pine 
is, however, confined to conifers and ac- 
ceptance of its budding embryogeny as a 
‘primitive gymnosperm character’ im- 
plies even greater primitiveness for the 
pine embryogeny than the Harvard 
school claims for its anatomy; and would 
therefore require more substantial de- 
fence than that for the primitiveness of 
the complex organization and anatomy 
of the vegetative organs and female cone 
of the pine.” 

Finally, he referred (18) to SAxTON’s 
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remarks to support his own conclusions; 
“‘SAXTON refers to most of these speciali- § 
zations in a rather concise statement in 
an unpublished manuscript: ‘In almost 
every respect it (the pine) shows the 
most complex organization of any genus, 
in its growth phenomena, in the nature 
of its foliage, in the organization of its fe- 
male cones, in the structure of its wood, 
medullary rays, ray-tracheids and resin 
canals, in its embryology and in its sym- 
biotic relation with fungi, etc.’ ” 
Reasonable expression of orderliness 
and therefore taxonomic clarity will al- 
ways be lacking effect and have limited 
application if it cannot express the phylo- 
genetic picture. And in this case, what is 
the picture? BUCHHOLZ gives one—f 
THOMSON another. . 
In his enthusiasm to explore the effect f 
of food supply on embryonic tissue, § 
THOMSON encouraged the writer over af 
decade ago to cultivate proembryos of § 
Ginkgo in vitro. The results of the work 
provided a three-dimensional mass of 
cells with delayed suspensor formation 
(5). Ina later investigation the writer dis- 
covered and recorded in unpublished § 
manuscript a similar mass of large vol- 
ume with no suspensor at all. Within the 
mass are nests of activated cells which 
the writer took to be the first signs of dif- 
ferentiation of organs. Could these nests 
be instead evidence of budding in primi- 
tive Ginkgo? 
DEPARTMENT OF BOTANY 
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THE PENTOXYLEAE: A NEW 


GROUP OF JURASSIC GYMNO- 


SPERMS FROM THE RAJMAHAL HILLS OF INDIA’ 


INDIAN SILICIFIED PLANTS NO. Lg 


B. SAHNI 


Introduction 

Some discoveries in science help, or ap- 
pear to help, in the solution of old stand- 
ing problems; others—and these are per- 
haps the more interesting—seem to 
create new difficulties in our path. My 
object here is to draw attention to a re- 
cently recognized group of plants which 
defies classification and presents a new 
problem in our understanding of the evo- 
lution of gymnosperms. A brief discus- 
sion of these fossils may, therefore, be 
appropriate to this occasion, and I wish 
to express my thanks to Dr. HENRY N. 


‘Invitation paper presented at the symposium 
on “Evolution and classification of gymnosperms” 
conducted at a joint session of the Paleobotanical 
Section of the Botanical Society of America and the 
Society for the Study of Evolution, at Chicago, 
Illinois, December 30, 1947. 

?For no. 4 in this series see the Journal of the 


Indian Botanical Society, Iyengar Commemoration 
Volume (1946), p. 361. 


ANDREWS, JR., and Dr. THeopor K. 
Just for the invitation to take part in 
this symposium. 


MODE OF OCCURRENCE OF THE 
PLANT REMAINS 

The greater part of the material is 
silicified and well preserved, but there 
are also some impressions. The petrifac- 
tions have been found to occur in con- 
siderable abundance at the village of 
Nipania in the Rajmahal Hills, near 
Dumarchir in the Amrapara District 
(Santal Parganas) in the province of 
Bihar, northeastern India. They were all 
found in a single thick bed of secondarily 
silicified shale, which is evidently a richly 
fossiliferous lake deposit. Like the other 
plant-bearing strata in the Rajmahal 
Series, these fresh-water shales form len- 
ticles interbedded with an extensive 
series of lava flows, associated with some 
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volcanic ash. As in other basaltic areas, 
e.g., in the Deccan plateau, these vol- 
canic rocks often form terraced hills 
which give a striking appearance to the 
landscape. 

This plant-bearing formation in Bihar 
is known as the Rajmahal Series of the 
Upper Gondwana Division. It has yield- 
ed a rich flora of Lower to Middle Juras- 
sic affinities, consisting mainly of im- 
pressions of cycads, conifers, and ferns, 
which was first described by OLDHAM 
and Morris (7) and later by FEISTMAN- 
TEL (3) and others. For a description of 
the geology of the Rajmahal Hills, ref- 
erence may be made to the early work of 
BALL (1), where the stratigraphical posi- 
tion of the different plant-bearing beds 
within the volcanic sequence is indi- 
cated. 

While in most other places, and even 
close to Nipania, the plant remains, as a 
rule, occur only in the form of impres- 
sions, at Nipania the entire bed, several 
feet in thickness, has become silicified, 
along with the crowded plant remains 
contained in it, which sometimes form a 
great proportion of the rock and often 
are well preserved. Frequently there is 
enough organic matter still left in the 
cell walls to enable us to stain thin sec- 
tions with safranin or gentian violet so 
as to bring out the structure more clear- 
ly. Sometimes the tissues take up a vivid 
stain while the rock matrix is left un- 
stained, with the result that thin sec- 
tions can be directly projected on the 
screen with excellent effect. 


Description 


During the last 19 years a number of 
petrified plant remains have been de- 
scribed from the Rajmahal Series in the 
Rajmahal Hills, which, reveal the exist- 
ence, during the Jurassic, of a remarkable 
group of plants showing a combination 
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of features characteristic of the Bennetti- 
tales, Cycadales, and Coniferales, and at 
the same time possessing certain unique 
features not so far known in any other 
group of gymnosperms. The existence 
of such a synthetic group was suggested 
in 1938, when recent work on silicified 
plants from this classical area was briefly 
reviewed (13 :42-45). For this new group 
the name Pentoxyleae is now proposed, 
after the type genus Pentoxylon. 

The material here concerned has been 
investigated partly by myself (12, 13) § 
and partly by Rao (8) and the late Pro- 
fessor SRIVASTAVA (15, 16, 17). To the 
last two authors we owe valuable con- ff 
tributions which have helped to bring 
some of the main facts into relief. Much 
of the description that follows is based § 
upon observations made by them, and 
the author has drawn freely upon their fF 
illustrations for the purpose of the pres- § 
ent synthesis. For a proper appreciation 
of the details, however, the original 
works are indispensable. Some new de- 
scriptive facts which have emerged from ff 
a reinvestigation of the thin sections left 
by SRIVASTAVA are here incorporated. 

Our knowledge of the Pentoxyleae is 
at present confined to (a) the leaves, 
hitherto known under the name “Taeni- § 
opteris spatulata McCl.” but for reasons 
given below now described as two dis- 
tinct species placed in a new organ genus FF 
Nipaniophyllum created for these petri- | 
fied leaves; (b) the stems, recently as- 
signed by SRIVASTAVA to two new genera, 
Pentoxylon and Nipanioxylon, which 
may possibly represent two species of a 
single genus; and (c) the female cones, for 
which the genus Carnoconites was found- 
ed by the same author, with two very 
distinct species, C. compactum and C. 
laxum. Nothing is yet known of the male 
organs. 

The possibility of assigning these 
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leaves, stems, and cones to the same 
group of plants was at first unsuspected 
—henceé their assignment to several arti- 
ficial genera. The relation of Nipanio- 
phyllum as the foliage of Pentoxylon was 
the first to be suggested, and it may be 
taken as established beyond doubt, al- 
though it still lacks proof of organic con- 
nection. As regards the cones, the 
question was more difficult; but, as will 
appear from the description and illustra- 
tions that follow, there is now very little 
doubt that they, too, were borne upon 
stems of the Pentoxylon type. Even taken 
individually, the leaf, stem, and seed- 
bearing cone cannot be placed in any 
single known group of gymnosperms 
without stretching the definition of the 
group concerned in important respects. 
And when we realize that all three 
organs commonly occur together at the 
same restricted locality, often in a single 
small hand specimen of the rock, the 
only logical alternative, if they are not 
to be placed in a single group, would be 
to assign them to three entirely new 
groups of gymnosperms, which seems 
extremely improbable if not absurd. 
Before we proceed to the detailed de- 
scription, it may be desirable to give a 
general introduction to the drawings 
(figs. 34-44). Figure 34 is largely dia- 
grammatic. The rest are a series of sim- 
plified sketches, necessarily also some- 
what diagrammatic, prepared from large 
thin sections of the silicified rock which 
were cut vertically to the planes of bed- 
ding. The sections were projected through 
a lantern onto sheets of paper, and the 
more important structural features were 
directly traced out. To some extent, 
therefore, these sketches help to explain 
the photographs. The majority of the 
sketches and photographs are intended 
to show in a general way the mode of oc- 
currence of Carnoconites in association 
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with the other plant remains, which in 
the main comprise the leaves Nipanio- 
phyllum, stems of Pentoxylon and of some 
conifers, as well as the detached seeds of 
some gymnosperms. 

The frequent association of Carnoco- 
nites with Nipaniophyllum and Pentoxy- 
lon is a fact of some importance in the 
correlation of these genera into a single 
group, although it must be admitted that 
the main evidence for this correlation 
ought to be based upon direct organic 
connections and upon convincing ana- 
tomical data. As seen from figure 1, 
Nipaniophyllum may occur locally in 
great profusion, almost the entire rock 
being sometimes made up of the matted 
leaves, to the exclusion of all other spe- 
cies. Its commonest associates are stems 
of the Pentoxylon type, young and old, 
of diameters varying from 2 or 3 mm. 
upward, as well as stems of a species of 
conifer not yet generically known but 
easily separable from Pentoxylon by its 
single stelar cylinder within the cortex. 
In some of the sections are also found 
groups of seed-bearing cones of the Car- 
noconites type. Of the cones, the large 
ellipsoid form C. compactum is much 
more common than the thin and cylin- 
drical C. Jaxum. But in one section from 
block K62 (figs. 30, 44) there are four 
cones, all of C. Jaxum, and these are as- 
sociated with a profusion of Nipanio- 
phyllum foliage, and also a young Pen- 
toxylon stem. 

This section is important, because it 
cautions us against accepting all Nipa- 
niophyllum leaves in these deposits as 
belonging to one species; and, in fact, the 


3 All photographs were made from unretouched 
negatives, including some reproduced from the other 
authors. The entire material here figured came from 
near the village of Nipania in the Santal Pargana 
district of the province of Bihar, northeastern India. 
The figured sections are preserved in the Depart- 
ment of Botany, University of Lucknow, India. 
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young Pentoxylon (figs. 30, 44) associated 
with these cones of C. laxum evidently 
also has a distinct structure and belongs 
to a different species from that shown in 
figure 3. If Carnoconites is a generic type 
which was borne upon Pentoxylon stems 
with Nipaniophyllum foliage, then it is 
only to be expected that this flora should 
contain two species of Pentoxylon and 
two of Nipaniophyllum. 

Thus partly on structural evidence, 
partly on grounds of association, it ap- 
pears that two distinct members of the 
Pentoxyleae are represented in the frag- 
ments here described: 

a) One was the plant which bore fe- 
male cones of the C. compactum type. 
The main stem of this plant was Pen- 
toxylon sahnii Sriv. Young shoots of this 
species are also known; they carried the 
foliage which is described below under 
the name Nipaniophyilum raoi. The fe- 
male cones are only found detached or 
grouped on pedicels and peduncles whose 
connection with the vegetative stem is 
not preserved. But there are good 
grounds for the suggestion embodied in 
the reconstruction (fig. 46) that they 
were borne at the ends of the young 
lateral shoots. The male flowers are un- 
known but were presumably borne in a 
similar position. The name given to the 
main stem may be adopted for the en- 
tire plant of this species. 

b) The other species bore female cones 
of the C. laxum type. The main stem 
of this plant is not definitely known, 
but it may possibly have been that 
named by SRIVASTAVA as Nipanioxylon 
guptai, which itself may be only a species 
of Pentoxylon. There is good reason to 
believe that a young shoot closely asso- 
ciated with C. laxum (see fig. 44) be- 
longed to the same plant and that its 
foliage leaves were a species of Nipanio- 
phyllum which is broader than N. raoi 
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and is found closely associated with this 
young stem and with the cones of C. 
laxum. The male flowers are unknown. 
A bunch of five female cones attached to 
a single peduncle was found long ago in 
association with Taeniopteris \eaves at 
Murero in the Rajmahal Hills. These 
cones, now known under the name Jaz- 
tingeria rajmahalensis (Wieland sp.) F. 
Krasser, are quite probably the same 
species as C. laxum Sriv. and may have 
been borne at the ends of the young 
shoots of this plant. A reconstruction of 
this plant cannot yet be attempted, but 
the indications are that the habit was 
in a general way similar to that of 
P. sahnii. 

Without evidence of organic con- 
tinuity, it may be a long time before the 
two sets of vegetative organs can be 
clearly distinguished. 

It is a pity to be saddled with this un- 
certainty, but it would be advisable to 
speak of the Pentoxylon stems and the 
Nipania leaves in generic rather than 
specific terms, except where the species 
is definitely known. 


LEAVES 
NIPANIOPHYLLUM GEN. NOV. 


The old genus Taeniopteris, founded 
by BRONGNIART, is an artificial assem- 
blage and no doubt includes members 
from several distinct circles of affinity.As 
our knowledge of the individual species 
grows, they can be transferred to their 
proper systematic positions. 

Nearly a hundred years ago, MCCLEL- 
LAND (6) described certain leaf impres- 
sions from the Rajmahal Hills under the 
name 7. spatulata. If his enlarged sketch 
(fig. 1a), showing the lateral veins three- 
pronged, was correctly drawn, then his 
initial reference of the fossils to BRONG- 
NIART’s genus was a mistake. Neverthe- 





194 


les 
lati 
Ju 
res 
ha 
no 


bu 
da 
br 
re) 





ese 


2 ‘. 


me 
ive 
Ing 
of 
put 
vas 

of 


on- 
the 


be 


un- 

to 
the 
1an 
cies 


ded 


ers 
As 
cles 
reir 


EL- 
res- 
the 
tch 
ree- 

his 
NG- 


the- 





1948] 


less, since his time the name T. spatu- 
lata has been rather freely applied to 
Jurassic leaves outwardly more or less 
resembling McCCLELLAND’s. Such leaves 
have been recorded from many areas, 
not only in the Rajmahal Hills, but also 
in Ceylon, Australia, and New Zealand; 
but without anatomical or epidermal 
data the specific identity and even the 
broader affinities of some of them must 
remain uncertain. 

Recently leaves more or less resem- 
bling McCLeLLAND’s in general form 
have been discovered in great profusion 
in the petrified state at Nipania. As these 
petrifactions have revealed certain pe- 
culiar and well-defined structural fea- 
tures, it would be advisable to distinguish 
them by a separate name. After having 
discussed the question of nomenclature 
with colleagues at Stockholm, and par- 
ticularly with Professor HALLE—an op- 
portunity for which I am very grateful— 
I am now adopting the suggestion that 
the Nipania leaves should be assigned to 
a new genus. For this the name Nipanio- 
phyllum is proposed. This should be re- 
garded as an organ genus reserved for 
petrified leaves of the type found at 
Nipania which show the form, epidermal 
characters, and internal anatomy de- 
scribed and figured in detail by Rao (8) 
in 1943. The main features are briefly de- 
scribed and illustrated below. 

Nipaniophyllum.—Petrified leaves hav- 
ing the form and venation of Taeniopteris 
Brongniart, combined with vascular bun- 
dles of the ‘“‘diploxylic” type characteristic 
of the modern cycads and stomata funda- 
mentally of the Bennettitalean type with 
the subsidiary cells liable to subsequent 
transverse division. 

These leaves from Nipania were origi- 
nally referred by the present writer (12) 
and later by Rao to T. spatulata, at a 
time when neither MCCLELLAND’s paper 
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nor his type specimen was accessible. 
However, a comparison of McCter- 
LAND’s description and figures, and es- 
pecially of his enlarged sketch (fig. 1), 
in which he drew all the lateral vein 
trifurcate, shows that his leaves, if they 
were correctly figured, could not have 
belonged to the genus Taeniopleris as 
defined by BRONGNIART. It is possible— 
even probable—that McCLeLLanp’s fig- 
ure was incorrect in this important fea- 
ture, but there is no means now of verify- 
ing this, because the type specimen is 
not to be found either at the Geological 
Survey of India or at the British Muse- 
um—the only places where it was likely 
to have been preserved—and it is pre- 
sumably lost. It would, therefore, be 
wrong to give the same name to the 
Nipania leaves, of which the epidermis, 
as well as the internal anatomy, are now 
known. Incidentally, it may be stated 
that even the size and form are not quite 
the same as in “7. spatulata McCl.” The 
Nipania leaves are smaller and more 
strap-shaped and give more of an idea of 
a leathery texture. The midrib also is rel- 
atively broader and shows several paral- 
lel veins. 

In 1863 OLDHAM and Morris (7) ap- 
plied the name “Stangerites (Taeniop- 
teris?) spatulata McCl.” to some other 
Jurassic leaf impressions from the Raj- 
mahal Hills. In this case the original 
specimens are preserved, there is no 
doubt as to their attribution to BRonc- 
NIART’s genus, and the descriptive fea- 
tures figured by these authors have since 
been confirmed by others, notably by 
FEISTMANTEL (3). Professor HALLE made 
the suggestion that the specific name 
spatulata originally used by McCtet- 
LAND may conveniently be now attached 
to these other specimens in the sense of 
OLDHAM and Morris. The name “7 ae- 
miopteris spatulata O. & M. sp. (non 
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McClelland)” may accordingly be ap- 
plied to leaf impressions having the form 
and venation of the fossils figured by 
OLDHAM and Morris. 

As suggested above, among the nu- 
merous silicified leaves preserved in the 
Nipania bed, there must be at least two 
species of Nipaniophyllum: one exceed- 
ingly common species belonging to the 
plant which had the stem known as 
Pentoxylon sahnii Sriv. and bore cones of 
the type Carnoconites compactum Sriv.; 
and another, much rarer, similarly re- 
lated to a second species of Pentoxylon 
(possibly including ‘‘Nipanioxylon’’) and 
to C. laxum Sriv. In the numerous thin 
sections of this petrified material it has 
not yet been possible to distinguish the 
two species of leaves clearly by their 
structure, but we at least know one of 
them now in great detail, thanks to the 
careful work of Rao (8). This is the spe- 
cies which is constantly and closely as- 
sociated with the stems of P. sahnii— 
often wrapped around the young shoots 
as if lying in their original positions—and 
with C. compactum. This species may ap- 
propriately be named Nipaniophyllum 
raoi sp. n. 

N. raoi sp. n.—Leaves coriaceous, up to 
about 7 cm. long, usually well under 1 cm. 
broad, strap-shaped, with a rounded apex, 
lamina narrowing very gradually to the 
base to form a narrow wing to a petiole 
about 2 mm. broad at the point of attach- 
ment to the leaf cushion. Midrib approxi- 
mately 1 mm. broad, rarely 1.5 mm., 
marked with several parallel nerves, per- 
sisting to the apex. Lateral veins coming off 
at about go°, unbranched or forking once 
before reaching the leaf margin, where they 
sometimes meet again to form a loop, or 
may occasionally end in a club-shaped ex- 
pansion (?hydathode) consisting of short 
broad scalariform tracheids. Vascular 
bundles in petiole and midrib five to nine, 
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placed in a shallow adaxially curved arc as 
seen in cross section, each bundle being of 
the “diploxylic” type characteristic of mod- 
ern cycadean petiolar bundles. Leaf cuticle 
thick, epidermal cells sinuous-walled, sto- 
mata confined to the lower surface, deeply 
sunken, irregularly orientated; subsidiary 
cells large, bulging outward and overhang- 
ing the vestibule. Stomatal structure funda- 
mentally Bennettitalean, with one sub- 
sidiary cell on either side, but one or both 
cells may subsequently undergo transverse 
division, masking the essentially synde- 
tocheil nature of the stoma. 

Rao’s description of “Taeniopteris 
spatulata”’ must inevitably have covered 
more than one species. In the above diag- 
nosis an attempt has been made to de- 
fine the new species as closely as possible, 
in the hope of facilitating the recognition 
of the second species at a future date, 
when more exact data may be available. 
For the present, the second species, 
which is associated with C. laxum and 
with a young Pentoxylon stem different 
in structure from P. sahnii, may be dis- 
tinguished by its considerably broader 
lamina and its broad multinerved mid- 
rib well over 2 mm. wide. It is not pro- 
posed to name it until its structure is 
more fully known. 

VASCULAR ANATOMY OF N. RAOI.— 
These petrified leaves from Nipania 
luckily also reveal their form and surface 
features in considerable detail. In 1931 I 
found, in cross sections of the midrib, a 
row of vascular bundles having anatomi- 
cal features almost exactly like those of 
a modern cycad (12). Adaxially there was 
a large triangular mass of centripetal 
xylem, a poorly developed and discon- 
tinuous arc of centrifugal xylem sepa- 
rated from the protoxylem by a layer of 
parenchyma, and an abaxial mass of 
phloem showing thin-walled cells spread- 
ing fanwise in radial series and suggesting 
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derivation from a cambium (figs. 23, 24, 
34). The same sort of vascular bundles 
was later demonstrated in the petiole 
(13: fig. 5; reproduced here as fig. 34d). 

This discovery was the first indication 
of a truly cycadean type of vascular 
anatomy in a species of Taeniopteris in 
the wide sense, as defined by BROoNc- 
NIART. What type of vascular bundles 
other species of Taeniopteris possess we 
do not yet know. 

Quite recently RAo, to whom the fur- 
ther investigation of this material was 
intrusted, fully confirmed this feature, 
both in the petiole and in the midrib 
(fig. 34¢). He also showed (8) that, as in 
the modern cycads, the more distal 
bundles, e.g., the lateral veins, have an 
exarch protoxylem. It is noteworthy, 
however, that the petiolar bundles are 
not arranged in a deeply concave and 
sometimes rather complex arc which is 
characteristic of the Cycadales. They lie 
in a flat, open curve, the concavity being, 
of course, adaxial. The bundles in the 
middle of the arc are always much the 
largest; toward the margins they become 
smaller and smaller. All bundles have 
their own sheath of fibrous tissue, as in 
the living cycads. The whole anatomy of 
the bundle is so cycad-like that one 
would have expected to find transfusion 
tissue, also; this has not been found, but 
the preservation is not always very clear. 
The hydathode-like swellings at the tips 
of the lateral veins, reminding one of the 
chalk glands of the modern fern Nephro- 
lepis (9), may be a good specific character 
of N. raot. 

Further data concerning the leaves, 
particularly about the manner in which 
they were borne and the origin of their 
leaf traces, are given below, in the de- 
scription of the young shoots. 

EPIDERMAL STRUCTURE OF N. RAOI.— 
The epidermal structure (figs. 13-17), so 
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important from the point of view of 
affinities, has also been examined in de- 
tail by Rao. It seems to be of a type diffi- 
cult to assign definitely either to the Ben- 
nettitales or to the Cycadales. The epi- 
dermal cells have sinuous walls, the sinu- 
osities being more pronounced in the 
lower epidermis, to which the stomata 
appear to be confined. Rao stated that 
“the stomata lie scattered and show no 
definite orientation” (8). In general, this 
is true enough, but it is interesting to 
note that occasionally (e.g., in RaAo’s 
pl. 5, fig. 35) several stomata may be 
seen placed in a row, with their slits 
parallel. (I am not able to say whether in 
this particular instance the guard cells 
were orientated transversely or parallel 
to the lateral veins, or whether they had 
any definite relation to them.) 

The stomata lie in a sunken position, 
overlapped by the rather large, laterally 
bulged subsidiary cells which overhang 
the vestibule. Rao stated (8) that “the 
stomata conform in general to the Ben- 
nettitalean type,’”’ and he supported this 
by examples clearly suggesting that the 
mode of development of the subsidiary cells 
is essentially Bennettitalean, a single such 
cell being originally formed on either side 
of the stoma but subsequently undergoing 
transverse division into two. Straight septa 
indicating subsequent division have been 
figured, but in some stomata no division 
at all is seen, there being only one sub- 
sidiary cell on either side, as in a typical 
Bennettitalean stoma. 

In the summer of 1935, when I ex- 
hibited the Rajmahal material at the In- 
ternational Botanical Congress in Am- 
sterdam, I had occasion to show some of 
Rao’s sections to Professor FLorIN. As 
only a few stomata were then available, 
no definite decision could be arrived at 
concerning their nature; but a few years 
later, when Rao was finally describing 
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Fics. 1-7.—Fig. 1 (after Rao [8]). Nipanio- 
phyllum. Mode of occurrence of silicified leaves at 
Nipania. X2. Fig. 2 (after Srivastava [17]). De- 
scribed by SRIVASTAVA as “a young axis (?‘short 
shoot’) of Pentoxylon sahnii.” Near upper edge of 
some leaf cushions there is a narrow horizontally 
elongated leaf scar on which seven to nine leaf 
trace scars are placed in a slightly adaxially curved 
arc. These features do not emerge clearly in photo- 
graph (cf. fig. 34d). K117. X4. Fig. 2a (after Srivas- 
TAVA [17]). Cross section of two stems of Pentoxylon, 
one young, the other older, with closely wrapped 
leaves, also cut transversely. Serial sections ex- 
amined by SRIVASTAVA have shown that this young 
stem diverged at a narrow angle as side branch from 
older axis. K4/1. X4. Fig. 3, cross section of young 
stem of Pentoxylon (same as shown in 17: pl. 3, 
fig. 26), showing ring of five abaxially curved 
primary bundles around five-angled pith. Margins 
of bundles are seen giving off branched leaf traces, 
several of which are seen entering attached leaf 
bases. Toward bottom left a leaf base still attached 
to stem shows about nine leaf trace bundles seen as 
a dark horizontal row placed very near adaxial 
margin. K4/1. Approx. X8. Fig. 4, cross section 
of Pentoxylon stem (same as figured in 17: pl. 2, 
fig. 14), showing that number, size, and arrangement 
of stem bundles is subject to considerable variation 
from basic type seen in figs. 8, 9. K65/2. Approx. 
<7. Fig. 5 (after 17: pl. 4, fig. 37). Tangential 
section through secondary wood of Pentoxylon, 
showing uniseriate medullary rays of short height, 
in compact mass of tracheids devoid of wood paren- 
chyma. K11/5. X65. Fig. 6 (after 17: pl. 5, fig. 42). 
Radial section of secondary wood of Pentoxylon. 
K62/7. X70. Fig. 7 (after 17: pl. 5, fig. 43). Radial 
section to show alternate bordered pits on radial 
walls of secondary wood of Pentoxylon. K62/7. 
X 200. 

Fics. 8-10.—Pentoxylon sahnii Sriv. Fig. 8, 
cross section of typical stem, showing characteristic 
structure of species. K11/1. (Kir is block from 
which SrivAstava’s type section [17: pl. 2, fig. 8] 
was also cut). Approx. X12. Fig. 9, same. Approx. 
X22. Fig. 10, cross section of somewhat crushed 
stem, with typical structure, associated with 
Nipaniophyllum. K19/4. (Size unknown.) 

Fics. 11-12.—Fig. 11 (above), section of block 
Kir taken vertically to bedding planes to show 
five Pentoxylon stems; four (1, 2, 3, 4) are cut 
transversely, the thickest (5) longitudinally; stems 
are associated with numerous leaves of Nipanio- 
phyllum type, some isolated gymnosperm seeds 
and other fragments. All stems show secondary 
growth in steles, even two small ones (2 and 4), 
one of which (2) has cortex preserved in arclike 
band on upper side of figure. All leaves cut vertically 
to plane of lamina, but in different directions, 
transversely, obliquely, or longitudinally (parallel 
to midrib so as to cut across lateral veins). A few 
were cut across narrow basal part of leaf. Several 
leaves lie tangentially around bigrstem (3), as if in 
natural positions. This stem also has part of cortex 
preserved (on upper side) but structure is not clear. 
Section K11/9 (from same block as type specimen 
of Pentoxylon). X3.1. Fig. 12 (below), part of above 
section. X6.8. 


Fics. 13-17 (all after Rao [8]).—Nipaniophyllum 
raoi. Fig. 13, superficial section of underside of 
leaf, to show sinuous-walled epidermal cells, and a 
few irregularly orientated stomata. Elongated cells 
on bottom right probably overlie a vein. X 180. 
Fig. 13a, stoma from region over midrib, sectioned 
through polar areas and guard cells. Subsidiary 
cell on right shows very definite transverse wall. 
X 360. Fig. 14, stoma cut horizontally through sub- 
sidiary cells; guard cells not visible in piane of 
section. p.a., polar areas; w, transverse wall in 
subsidiary cell (another such wall may be present in 
opposite cell); p, papilla on epidermal cell. X 500. 
Fig. 15, same stoma. 1428. Fig. 16, stoma cut 
transversely through middle region (cf. fig. 15). 
Subsidiary cells completely cover guard cells. X 260. 
Fig. 17, same stoma photographed at different focus 
through thickness of section, to give appearance of 
section through polar region (cf. fig. 15). 

Fics. 18-20,—Carnoconites compactum Sriv. 
Fig. 18, same section as figured in 17: pl. 6, fig. 63. 
See also figs. 25 and 35 for same section viewed 
from reverse. K140/4. X 2.5. Fig. 19, nearly median 
longitudinal section of seed-bearing cone. See 17: 
pl. 6, fig. 56. K62/1. Approx. 4.5. Fig. 20, same 
section, to show details. Approx. X9. 

Fics. 21-24.—Figs. 21, 22, Carnoconites com- 
pactum Sriv. Fig. 21, part of same cone as in fig. 20, 
further enlarged. Wavy linesat left of marked dashes 
are ‘“‘sutures’”’ between sarcotestas of adjacent seeds. 
Approx. X18. Fig. 22, section probably across top 
of cone. See 17: pl. 6, fig. 6b0and cf. fig. 36. K139/1. 
X6.1. Figs. 23, 24 (after Rao [8]). Fig. 23, Nipanio- 
phyllum raoi. Part of very oblique section through 
petiole, photographed at angle of about 70° to correct 
obliquity. General structure of vascular bundles 
typically cycadean. 54. Fig. 24, same section 
further enlarged in tilted position. ph, phloem 
made up of radially seriated cells as in modern 
cycads. Large dark triangular mass of tissue (cpx) 
is centripetal xylem, with protoxylem (px) situated 
at downwardly pointing apex of triangle. Deep U- 
shaped arc of dark cells (cfx) is centrifugal xylem, 
separated by zone of parenchyma from protoxylem; 
scl is sheath of sclerenchyma around each vascular 
bundle. Cf. diagram in fig. 34d. X 113. 

Fic. 25.—Carnoconites compactum Sriv. (cf. 
figs. 18 and 35). c.a., cone axis; ff, fleshy layer (sar- 
cotesta); p, pedicel; pele, peduncle. Description in 
text. K140/4. Approx. X8. 

Fic. 26.—Carnoconites compactum Sriv. (cf. 
fig. 39). c.a., Cone axis; p, pedicel; pcle, peduncle. 
Description in text. K36/5. Approx. X 5.25. 

Fic. 27.—Carnoconites compactum Sriv. (cf. fig. 
40). Description in text. K36/2. Approx. X 4.6. 

Fic. 28.—Carnoconites compactum Sriv. (cf. 
fig. 41). p, pedicel; pele, peduncle. Description in 
text. K36/6. Approx. X5.6. 

Fig. 29.—Carnoconites compactum Sriv. (cf. 
fig. 42). c.a., cone axis; p, pedicel. Description in 
text. K36/?. Approx. X5.5. 

Fics. 30-33.—Carnoconites laxum Sriv. Fig. 30, 
cf. fig. 44. Description in text. K62/4. X 2.2. Fig. 31 
(after SRrvASTAVA [16]). Nearly median longitudinal 
section of cone. Description in text. K117/r. 
X3.75. Fig. 32, part of same cone. Approx. X8.4. 
Fig. 33, part of same cone. Approx. X9.8 
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Fic. 34.—Nipaniophyllum. a, Generalized diagram to show leaf form and broad multi-nerved midrib. 
Lateral veins omitted. This figure is not intended to represent any particular species of genus. b-d, N. raoi. 
b, Part of leaf, to show lateral veins and occasional formation of loops. Diagrammatic. Approx. X 10. c, cross 
section through broad part of leaf, to show slightly curved row of vascular bundles in midrib, and division 
of mesophyll into upper palisade tissue and lower spongy tissue. Each bundle surrounded by sheath of 
sclerenchyma and has essentially structure of typical cycadean bundle. Diagrammatic (from photograph 
by Rao [8]). X 20. d, cross section through petiole. Petiole usually has narrow “‘wing’’ on either side; greater 
part of width made up by thick midrib, with its slightly curved row of bundles with cycadean type of 
anatomy. w, wing; cpx, centripetal xylem; px, protoxylem; pa, parenchyma; cfx, centrifugal xylem; pA, 
phloem. Diagrammatic (after Sahni [13]). Approx. X35. 
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his material, I carefully examined all 
sections with him. The only interpreta- 
tion we could offer was the one ultimate- 
ly adopted in his paper, viz., that the 
two subsidiary cells generally seen on 
either side are probably the result of a 
subsequent division of an_ originally 
single cell which, in fact, we sometimes 
see still undivided. It seems significant 
that, when two cells are present, they are 
separated by a straight septum suggest- 
ing subsequent division. 

In support of this interpretation, 
which gives primary importance to the 
mode of development, we have an au- 
thentic parallel case described by FLo- 
RIN (4). He figured two stomata from an 
interseminal scale of Williamsonia wett- 
steini, in one of which both subsidiary 
cells are divided by transverse walls, as 
in some of Rao’s figures of stomata in 
the Nipania leaves. FLorin rightly at- 
taches importance to the fact that this 
subsequent division is only a secondary 
feature which does not affect the essen- 
tially syndetocheil character of the 
stoma. 

Thus, while the irregular orientation of 
stomata is a cycadean feature, in keeping 
with the structure of the vascular bundles, 
the development of the stomata seems to 
have been fundamentally Bennettitalean, 
the somewhat cycadean appearance of the 
subsidiary cells being deceptive and super- 
imposed upon it. But if this interpretation 
is correct, does not the typically cyca- 
dean type of vascular bundle appear in- 
congruous with it? Or were there any 
true Bennettitales possessing the cyca- 
dean type of “diploxylic” bundles in 
their leaves? I confess that my knowl- 
edge of the vascular anatomy of Bennet- 
titalean leaves is too meager to answer 
this question. At any rate, it seems clear 
that, as we know these two groups of 
gymnosperms at present, the Nipania 
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leaves cannot easily fit into either of 
them. 


STEMS 


a) GENUS PENTOXYLON SRIVASTAVA 


The stem genus Pentoxylon also pre- 
sents a combination of structural fea- 
tures which at once mark it as a unique 
type (figs. 2-12). We know at present 
only one species, P. sahnii Sriv., de- 
scribed in considerable detail (15, 16, 17). 
The preservation is fairly good, and 
stems of different sizes, from a few milli- 
meters to several centimeters in diam- 
eter, at various stages of secondary 
growth in the stele, are commonly found 
at Nipania, always in association with 
Nipaniophyllum. The name Pentoxylon 
was originally given to these relatively 
older stems. It was later discovered that 
they gave off younger shoots which bore 
leaves of the type now named Nipani- 
ophyllum. 

OLDER STEMS.—In a cross section of 
one of the older shoots the greater part 
of the area is occupied by a ring of large 
vascular bundles, nearly always five in 
number, which were responsible for the 
generic name; sometimes there are six 
bundles. These bundles usually lie very 
close together, sometimes even pressed 
and flattened against one another, leav- 
ing very little space for the softer tissues 
of the pith, the primary medullary rays, 
and the cortex, which are, as a rule, more 
or less crushed and poorly preserved. 
The primary phloem is not recognizable 
at all as a distinct tissue, but in some sec- 
tions figured by SRIVASTAVA (17: pls. 
2-4) a fairly thick zone of crushed tissue, 
which may include secondary phloem, is 
seen surrounding the secondary wood, 
particularly on the side facing the pith 
and primary medullary rays. The preser- 
vation, however, leaves much to be de- 
sired, and the question of the position 
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and distribution of the phloem must, for 
the present, be left undecided. In still 
older stems, and particularly in those 
that are regarded as branching, the form 
and the arrangement of the bundles are 
irregular. However, the possibility can- 
not be overlooked that these variants on 
the regular five-bundle plan may repre- 
sent a second species of Pentoxylon (see 
below). 

Each xylem bundle of the stele con- 
sists of primary and secondary wood. 
The form of the primary bundle is very 
characteristic. Seen in cross section, it is 
shaped like a tangentially extended 
band, slightly curved, with its concavity 
facing outward—a unique state of affairs. 

The protoxylem was stated by SRIvAs- 
TAVA to be immersed, that is, mesarch; 
and this would go well with the leaf 
bundles, which we know definitely to be 
mesarch, of the type termed “diploxylic” 
by some French anatomists. It ought to 
be stated, however, that the structure is 
not very clearly preserved and that in 
these thin bands of xylem there is not so 
much scope for immersion of the pro- 
toxylem as to be easily detectable, even 
in the best sections. 

Each of these primary bundles is en- 
veloped by its own zone of secondary 
wood. This secondary wood is developed 
very unequally, being markedly thicker 
toward the pith and medullary rays than 
it is toward the outer (cortical) side. 
Curiously enough, the first ring of sec- 
ondary wood is, as a rule, equally de- 
veloped all around the primary bundle, 
but in its later development the second- 
ary wood shows a marked and increasing 
tendency to grow toward the pith. Some- 
times the cambium of each bundle, after 
having laid down only one or two rings, 
seems to have ceased its activity on the 
cortical side. The result is that in older 
stems the bundles tend to meet in the 
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center as well as laterally, crushing the 
pith and medullary rays (see esp. 17: 
figs. 8, 12, 18, 31). 

The secondary wood is compact, with 
well-marked growth rings and uniseriate 
medullary rays which are usually two to 
seven cells in height, the extreme num- 
bers being one and fourteen. There ap- 
pears to be no evidence of ray tracheids, 
wood parenchyma, or resin canals, but 
the preservation is not so good as to 
make this certain. The radial walls of 
the tracheids show bordered pits which 
are contiguous and circular or slightly 
compressed when uniseriate or, on the 
broader tracheids where they are in 
more than one series, alternate and hex- 
agonal, like those of most Araucarineae 
and Cordaitales. In the field there seems 
to be usually a single very large pit, 
which Srivastava described as an Ei- 
pore, but I am skeptical on this point, 
for the preservation is not clear, and de- 
tails are lacking. 

Knowing the age to be Jurassic, a 
paleobotanist examining an isolated piece 
of the secondary wood of Pentoxylon 
would assign it without hesitation to a 
conifer. 

In the best sections of the younger 
stems which show secondary growth, the 
pith and cortex are tolerably well pre- 
served; both include nests of sclerotic 
cells. Even in the relatively old stem in 
figures 8 and 9g, part of the cortex is pre- 
served intact (on the left); the rest has 
been largely destroyed. 

Alternating with the main bundles of 
the stem stele are usually to be found 
five much smaller bundles, each con- 
sisting mainly of secondary wood. They 
always lie in the peripheral part of the 
stele, and it appears that sometimes they 
divide into two by a radial split, some- 
times into more than two (fig. 10). I have 
not yet been able to study the origin and 
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structure of these bundles satisfactorily. 
What organs they supplied is not known, 
but they can scarcely be leaf traces 
which, as will be shown for the young 
shoots, had a very different organization. 
Can they represent the vascular supply 
to these young shoots or to some sort of 
fructifications? 

YOUNG SHOOTS OF P. SAHNII.—De- 
tached shoots about 5-7.5 mm. thick 
have been found, covered with an armor 
of close-fitting rhomboid leaf cushions 
(fig. 2). In cross section such shoots 
show only the five or six curved primary 
bundles; there is a well-preserved pith 
and a wide cortex; both pith and cortex 
contain numerous nests of sclerotic cells. 

A cross section figured by SRIVASTAVA 
shows the curious way in which the leaf 
traces were formed. From the inner edge 
of each of the two bundles bordering a 
leaf gap, a single strand goes off into the 
cortex, curving away from the gap in its 
outward course and at the same time 
giving off branch traces. At least a half- 
dozen traces thus go off into each leaf 
base (fig. 3). The process is more complex 
than would appear from this brief state- 
ment, but serial sections would be needed 
for a satisfactory elucidation. 

The leaves were deciduous and became 
detached from the upper part of the 
cushion by the formation of an absciss 
layer, leaving behind a narrow, hori- 
zontally extended leaf scar on which sev- 
en to nine leaf trace scars were placed in 
an arc with a slight adaxial curvature. 

SRIVASTAVA (17) has proved beyond 
doubt that these young shoots are only 
branches of older Pentoxylon stems with 
the characteristically developed second- 
ary wood. He described serial sections of 
a typical Pentoxylon stem actually giving 
off a young shoot of this type at an angle, 
he stated, of about 30° (see fig. 2a). 
SRIVASTAVA was inclined to regard these 
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young branches as “‘short shoots” on the 
analogy of Ginkgo and suggested that 
they may have been deciduous, for they 
have generally been found only in a de- 
tached state. 

CORRELATION OF NIPANIOPHYLLUM 
WITH PENTOXYLON.—We have seen that 
the external surface of these young 
shoots is completely covered with small 
rhomboid leaf cushions placed in a dense 
spiral sequence, as in a modern cycadean 
stem. As in modern cycads, too, there are 
leaf cushions of two sizes, in more or less 
distinct alternating zones, the long axis 
of the rhomboid being nearly horizontal. 
The larger cushions, a little over 2 mm. 
long and o.5 mm. across the broadest 
part, seem to have belonged to deciduous 
foliage leaves; and Srivastava found 
good evidence of an absciss layer along 
the exposed distal surface of the cushion, 
marking the area of the leaf scar. The 
smaller cushions would presumably have 
belonged to scale leaves. 

On some of the larger cushions there 
is a row of about seven to nine leaf-trace 
scars, but there is no evidence of the 
deeply Q-shaped alignment characteristic 
of the modern cycadean leaf trace. The 
row of bundles is practically horizontal, 
with only a faint adaxial concavity. The 
largest scars are in the middle, with pro- 
gressively smaller ones placed laterally, 
exactly as described above in the petiole 
of Nipaniophyllum. There is a clear sug- 
gestion here that Nipaniophyllum was 
the deciduous foliage of these shoots—in 
fact, the size of the leaf scar agrees gen- 
erally with that of the petiolar base. 

This suggested correlation of the 
leaves with the young shoots of Pentoxy- 
lon, already suspected by me several 
years ago (13), was proved beyond doubt 
by Srivastava. The proof is based on 
his discovery of young as well as old 
shoots which, when seen in cross section, 
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were closely enveloped by a series of 
leaves of the Nipaniophyllum type still 
lying in their original positions around 
the shoots. 

A section figured by SRIVASTAVA (17: 
pl. 3, fig. 25) is quite decisive. This is, in 
fact, one of the serial sections mentioned 
above, showing the young shoot actually 
branching off from a typical Pentoxylon 
stem. Here a number of well-preserved 
leaves are seen placed around each of the 
two axes in a way strongly suggesting 
that this type of foliage was borne upon 
the young shoots and occasionally may 
have persisted even on somewhat older 
stems. 

Among the sections left by SRivas- 
TAVA, I have repeatedly observed a simi- 
lar arrangement of leaves around the 
stems. Although his work had not pro- 
ceeded far enough to demonstrate an or- 
ganic connection, the evidence he had 
found was already as clear as could be 
desired. 

CONITES SESSILIS SAHNI (possibly a 
young shoot of Pentoxylon).—Here at- 
tention may be drawn to certain fossil 
impressions from the Rajmahal Hills 
which, several years ago, were described 
by me as a species of Conites, in spite of 
the absence of any fertile organs. There is 
little doubt now that this was a mistake, 
and I wish to thank Professor FLORIN for 
having pointed it out. On two of the 
specimens which were described as Co- 
niles sessilis (11: pp. 34-35, pl. VI, figs. 
82-83, 86-87), the rhomboid ends of 
what I had taken for cone scales—but 
which I now feel convinced were in 
reality leaf cushions—show a series of 
bundle scars arranged in a horizontally 
placed open arc, exactly like those on 
the leaf scars of the young shoots of 
Pentoxylon. A third specimen, moreover, 
is placed laterally, in a “‘sessile’’ manner, 
upon a piece of wood which may quite 
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probably have belonged to an older Pen- 
toxylon stem. The locality of this speci- 
men, which was collected long ago by 
FEISTMANTEL, is given as Murrero, in 
the Rajmahal Hills. 

One other specimen, assigned by me to 
the same species of Conites, came from 
the Sripermatur group at Vemavaram, 
Madras Presidency, which is also of Ju- 
rassic age (11: pl. VI, fig. 81). This shows 
two short shoots seated laterally on an 
elongated stem; but the bundle scars are 
in this case not so clearly seen, and 
without further evidence it would be dif- 
ficult to assert that Pentoxylon occurred 
in the Peninsular Gondwanas,‘ though 
leaves outwardly resembling Nipanio- 
phyllum have been recorded from these 
beds also. 

AFFINITIES OF PENTOXYLON.—From 
the above description Pentoxylon emerges 
as a plant with a stem possessing the sec- 
ondary wood of a typical conifer and 
bearing leaves with typically cycadean 
vascular bundles; but these bundles are 
not arranged in the cycadean manner, 
nor is the general anatomy of the stem at 
all coniferous. 

Moreover, the structure of the leaf, re- 
cently described in great detail by Rao, 
is not in any sense coniferous or typically 
cycadean, except for the structure of the 
vascular bundles. The stomatal organi- 
zation seems to be neither fully Bennetti- 
talean nor cycadean. The venation is of 
the furcate type, commonly seen in ferns 
and, among modern cycads, only in 
Stangeria, a genus with large bipinnate 
leaves to which, however, these simple 
strap-shaped leaves show no resemblance 
whatever. The veins come off at right 


angles, occasionally bifurcating (and 
4I am now very doubtful also of the “cone” 
nature of my Conites sripermaturensis (11: p. 35, pl. 


VI, figs. 91-92). These specimens are almost cer- 
tainly vegetative shoots, as suggested by Professor 
FLORIN. 
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rarely even anastomosing) on the way 
out to the margin, where they form char- 
acteristic swellings or loops containing a 
mass of scalariform transfusion tra- 
cheids. These terminal swellings of the 
veins resemble the lime-secreting hyda- 
thodes of Nephrolepis (9) and may have 
had a somewhat analogous function. 

Thus, in their vascular anatomy as 
well as in their epidermal structure, the 
leaves represent a generalized cyca- 
dophyte type, with no exclusive affinity 
with either the Bennettitales or the true 
cycads. 

The anomalous general organization 
of the older stem, with its five or six 
bundles almost meeting in the center 
and at the sides as secondary growth pro- 
ceeds, is unique and has no real parallel 
among vascular plants, living or extinct. 
Although a very superficial and passing 
comparison may be made with the genus 
Rhexoxylon, known from Triassic rocks 
in South Africa and Antarctica (2, 18), it 
has actually little value. It is true that, 
as SRIVASTAVA stated, in some sections 
the branching stem of Pentoxylon shows 
more than five bundles, which, moreover, 
become irregularly arranged and ori- 
entated. Rhexoxylon is, however, a dis- 
tinctly older genus, its leaves are un- 
known, the stele is quite differently con- 
structed and more complex, and the 
genus offers no affinity with any of the 
groups with which Pentoxylon shows re- 
semblance in individual features. 

In some ways the general organization 
of the stem stele of Pentoxylon reminds 
one of the condition described by Scott 
(14) in the cone peduncles of some of the 
modern Cycadales, and regarded by 
Scott, WoRSDELL, and others as a ves- 
tigial character indicating affinity with 
the Paleozoic Medulloseae. The band- 
shaped primary stele, surrounded on all 
sides by secondary wood, is indeed 
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strongly reminiscent of some species of 
Medullosa. The number of bundles in 
that genus, however, is usually much 
larger, and their arrangement is irregu- 
lar; the bundles are generally not band- 
shaped but circular in section (though 
there are notable exceptions), and the 
zone of secondary wood is uniformly 
thick around each bundle. The pitting 
of the tracheids, too, is distinct from that 
in Pentoxylon. The leaves of the Medul- 
loseae were also quite different. The 
comparison cannot, therefore, be pressed 
very far, and of course we know that 
Medullosa is far older in geological age, 
with affinities in a very different direc- 
tion. 


b) GreNuS NIPANIOXYLON SRIVASTAVA 


This genus, named after the village of 
Nipania, is similar to Pentoxylon in that 
the pith is surrounded by a ring of band- 
shaped primary bundles curved with 
their concavities outward, and severally 
inclosed in a zone of secondary wood 
which is thicker toward the inner side 
than elsewhere. The bundles are more 
numerous, and the development of sec- 
ondary wood (at least in the best-pre- 
served specimen [17: pl. 9, figs. 86, 87]) 
is less lopsided than in Pentoxylon, al- 
though this latter fact may be due to the 
specimen being relatively young. Our 
knowledge of Nipanioxylon is, however, 
very meager, and, even as far as it goes, 
this is unsatisfactory, for the author’s 
manuscript was left unfinished. We only 
have a very brief diagnosis and some un- 
described sections which still need to be 
critically examined and compared. It is 
even possible that this genus was based 
upon a branching stem of Pentoxylon cut 
across the point of forking. 

Here again the cross section (in the 
main specimen) is surrounded by leaves, 
apparently still placed in their normal 
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positions, and in their structure generally 
reminiscent of Nipaniophyllum, although 
the preservation is not clear. It is pos- 
sible that they belong to an allied species 
of Nipaniophyllum. 

The structure of both stem and leaf 
must be studied more closely before we 
can say anything definite as regards the 
relation of Nipanioxylon to Pentoxylon. 
In any case, there seems no doubt that, if 
it is a distinct genus, its proper place 
would be within the group Pentoxyleae. 


FEMALE CONES 


GENUS CARNOCONITES SRIVASTAVA 


The genus Carnoconites was founded 
by SRIVASTAVA on two species of well- 
preserved seed-bearing cones, C. com- 
pactum and C. laxum, both of which are 
found at Nipania, closely associated with 
Pentoxylon and Nipaniophyllum. Several 
blocks of the silicified rock have been col- 
lected in which these three genera are al- 
most the only fossils recognizable with 
the naked eye. Of the two species of 
cones, C. compactum is much the com- 
moner and better known, and it has been 
described in considerable detail (17). 
There is no doubt that C. /axum is also a 
well-defined and distinct species, as the 
several photographs in SRIVASTAVA’s pa- 
per show, though he unfortunately left 
no description except a brief diagnosis. 

The generic characters of Carnoconites 
are strikingly distinct: 

Fleshy cones with numerous spirally 
placed ovules crowded in a sessile manner 
all around a central cone axis, and at- 
tached directly to it without a megasporo- 
phyll or ovuliferous scale, the micropyles 
pointing directly outward. Interseminal 
scales unknown. Integument very thick, 
consisting of a well-developed bicarinate 
stony layer with the carinae placed in the 
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horizontal plane, and a very thick outer 
fleshy layer; the fleshy layers of adjacent 
ovules press against and sometimes dovetail 
into one another, forming a fleshy mul- 
berry-like mass in which the hard “stones” 
are imbedded. The nucellus is free down to 
to the base. The cone axis is frequently 
five-angled in cross section, containing five 
vascular bundles in a ring, from which 
a single ovular trace comes off to supply 
the chalazal end of each ovule. 

For a proper appreciation of the rela- 
tionship of these seed-bearing cones to 
some of the associated plant remains, 
particularly to Nipaniophyllum and Pen- 
toxylon, it is important to examine a 
series of thin sections cut from rather 
large blocks, so as to include a wide field. 
Therefore, it will be useful to review 
briefly the remaining drawings (figs. 35- 
44), as well as the photographs (figs. 
18-22, 25-33) which they are intended 
to explain. 

C. comPACTUM SRIiv.—Figure 35 (cf. 
fig. 25), showing C. compactum Sriv. and 
associated plant remains. A large pe- 
duncle, seen in a good transverse section, 
is surrounded by portions of four, pos- 
sibly five, seed-bearing cones. Near the 
bottom of the figure, lying between the 
fleshy layers of two seeds of a cone mostly 
out of the picture, is a pedicel cut trans- 
versely, with a well-differentiated outer 
cortex and a characteristic stele of three 
bundles, two large and one small, form- 
ing an arc. The peduncle has-a central 
stele of about ten collateral bundles ar- 
ranged in an ellipse, each bundle being 
arched with the xylem lying adaxially in 
the concavity. Five pedicels are seen in 
various stages of separation from the 
peduncle axis. The fact that, like the 
axis, they are themselves seen in almost 
true cross section, shows that they di- 
verged from it at a very narrow angle, 
that is, almost vertically. Their arrange- 























Fic. 35.—(Cf. fig. 25). Carnoconites compactum Sriv., and associated plant remains. For description see 
text. Associated remains are cqnifer stem (top left) and some small detached seeds (lower half of figure) 
and some leaves (on left). Stony layer of integument shown solid black; fleshy layer blank with dark cells 
in its deeper parts coarsely dotted; cuticle of fleshy layer finely punctated; cone axis cross-hatched. (c.a., 
cone axis; ff, flesh layer (sarcotesta) ; p, pedicel; pele, peduncle). 104/4. Approx. be BB 
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ment strongly suggests a % sequence of 
origin. 

The two cones in the middle of the fig- 
ure are seen as if pressed against each 
other, with the two cone axes (cross- 
hatched) lying near each other, both 
rather obliquely cut. The vascular struc- 
ture of these axes is not clearly pre- 
served. The longitudinally cut axis 
marked (?) may belong to a third cone, 
with only two of its seeds preserved—one 
broken, above the axis, the other entire, 
to the right of the broken seed. In the 
cone partially seen at the top of the fig- 
ure, the crumpled cuticle of one of the 
sarcotestas (shown dotted) is seen in 
surface view. Under the microscope it 
reveals a fine pattern of small cells. No 
stomata have been detected, but their 
absence cannot be asserted; the crumpled 
surface makes a description hazardous. 


All seeds are sessile on the cone axis, 
with no sign of a subtending scale or 
bract, and there is nothing that can be 
regarded as an interseminal scale or 
stalk. A fully differentiated sclerotesta 
is present in all seeds; the stone is al- 
mond-shaped (platyspermic and bicari- 
nate), with the micropylar end some- 
what expanded in a peculiar manner. 
The appearance of some well-formed 
ovules cut neatly through the micropyle 
shows that in this expanded part of the 
stone apex the micropylar canal also ex- 
pands to form a chamber (see figs. 28 and 
41). The tip of the nucellus is finely 
pointed; no pollen chamber has been 
seen, but, if one was present, it must 
have collapsed at this stage of develop- 
ment. No pollen grains of any sort have 
been found in any of the ovules. One 
cannot make out any clearly differenti- 
ated inner fleshy layer, but this may be 
the result of imperfect preservation. The 
outer fleshy layer (sarcotesta) is enor- 
mously developed and is, at this stage, of 


very irregular shape, the sarcotestas of 
adjacent ovules having become inter- 
grown to form complex suture-like planes 
of separation which can be followed deep 
down toward the chalazal ends of the 
seeds, almost to the cone axis. Some- 
times the micropyle seems to be com- 
pletely sealed up by the sarcotesta, but 
this appearance results from the oblique 
or tangential sectioning of an overgrown 
sarcotesta. 





Fic. 36. 
Sriv. Section cut apparently across top of cone. 
Shading as in fig. 35. 139/1. Approx. X5.4. 


(Cf. fig. 22). Carnoconites compactum 


The innermost cells of the sarcotesta, 
next to the stone, are often jet black. 
They appear to have been of the nature 
of secretory cells, like those in many 
other gymnosperms. 

Figure 39 (cf. fig. 26), showing C. com- 
pactum Sriv. with associated plant frag- 
ments (Nipaniophyllum, conifer stems, 
numerous small detached seeds, and com- 
minuted plant material). At least eight 
female cones are here seen, apparently 
forming parts of a single large complex 
infructescence. There is only a single 
peduncle, obliquely cut, placed near the 
center of the figure but lying on the edge 
of the group of cones. The way in which 














FIG. 37.—Carnoconites compactum Sriv. Tangential section through distal part of cone, with associated 
Nipaniophyllum foliage and coniferous stem. Two of seeds show dark chalazal pad of nucellus, which is 
free down to base. Shading as in fig. 35. 16/4. Approx. X 7.2. 
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the plant debris immediately to the right 
of the peduncle is seen pressed against it 
(cf. fig. 26) suggests that either some of 
the cones on this side of the infructes- 
cence have been destroyed or they have 
been pushed toward the left (e.g., see the 
elongated, tangentially cut strobilus in 
the top middle of the figure, pushed 
against the large cone to the left of it). 
Several pedicels (p) are seen, as a rule 
very obliquely cut. It is difficult to 
visualize the mode of branching of the 
complex infructescence in three dimen- 
sions, but it seems clear that all cones 
were supported on pedicels derived from 
a single peduncle. The obliquity of the 
peduncle and pedicels can, to some ex- 
tent, be corrected by viewing the section 
in a tilted position. The form and ar- 
rangement of the vascular bundles also 
then becomes clearer. 

Figure 4o (cf. fig. 27), showing C. com- 
pactum Sriv. with associated plant re- 
mains (mainly conifer stems, Nipanio- 
phyllum, and small isolated gymnosperm 
seeds). Parts of five seed-bearing cones 
are seen. In the upper middle of the fig- 
ure is an obliquely cut peduncle, from 
which several pedicels are seen coming 
off. There are also a half-dozen free 
pedicels, three of them in fairly good 
cross section, at least one in good longitu- 
dinal section showing a nearly straight 
length of about 1.5 cm. (bottom left), 
and portions of three others cut very 
obliquely (almost longitudinally). 

When the slide is tilted through an 
angle of 70°, the obliquity of the section 
of the peduncle is corrected; this brings 
out clearly the elliptic form of its cross 
section and the form and arrangement of 
the vascular bundles. Conversely, by 
tilting the almost transversely cut pedicel 
which lies at the top middle of the figure, 
we can gain an oblique view of the organ, 
and the ring of five almost evenly ar- 
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ranged bundles are now seen as three, of 
which the bottom one is small and the 
two laterals are large and reniform. This 
fact supports the idea that each of the 
two large lateral bundles of the pedicel 











Fic. 38.—Carnoconites compactum Sriv. Tan 
gential sections through parts of two cones, with 
two conifer stems and Nipanio phyllum foliage. Three 
leaves cut longitudinally, parallel to midrib and 
transversely across lateral veins. Rows of black 
patches in leaves represent tissue between veins, 
which are themselves not clearly preserved. 
Larger cone shows mosaic formed by intergrown 
sarcotestas of adjacent seeds; one seed (¢op) cut 
across widest part, another near micropylar region. 
These two seeds show that principal plane of 
sclerotesta lies horizontally, at right angle to cone 
axis. K1o2/1. Approx. X4.5. 
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Fic. 39.—Carnoconites compactum Sriv., with associated plant fragments (Nipaniophyllum, conifer stems, small x7: 
tached seeds, and comminuted plant tissues) (cf. fig. 26). For description see text. c.a., cone axis; p, pedicel; pele, pedum 
K36/5. Approx. X4.9. 
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Fic. 40.—Carnoconites compactum Sriv., with associated conifer stems, Nipaniophyllum, and small 
isolated seeds of gymnosperm (cf. fig. 27). Description in text. c.a., cone axis; p, pedicel. K36/2. Approx. 
X7. 











divides distally into two, so that before 
the pedicel passes into the cone axis it has 
five bundles placed in a ring, as suggested 
by SRIVASTAVA (17). 

Figure 41 (cf. fig. 28), showing C. com- 
pactum Sriv., associated with Nipanio- 
phyllum, two small conifer stems, and 
some detached gymnosperm seeds. Six 
or seven seed-bearing cones are here 
seen, apparently centered around a 
single transversely cut peduncle. Unlike 
the peduncles shown in earlier sections, 
this one has only six bundles forming its 
central stele, which gives rise in a spiral 
sequence to the characteristic triplets 
of bundles to five pedicels. Five of these 
incipient pedicels are still closely ap- 
plied to the main axis, but one is seen 
sharply turned off at an angle and is cut 
very obliquely, with a truncated end. 
Near the lower left-hand margin of the 
figure there is a long pedicel apparently 
branching so as to support two cones; 
this is one of the few clear cases of a 
branching pedicel observed. It looks as 
if the proximal end of this long pedicel 
has broken off from the truncated end 
of the stump attached to the peduncle. 
If so, this is an interesting specimen 
which throws further light upon the 
habit of this complex infructescence; 
some of the other closely grouped cones 
may be similarly borne upon branched 
pedicels. Other pedicels are also seen, one 
cut transversely, one longitudinally. It 
is somewhat risky to attempt a recon- 
struction of the whole fructification in 
the form of a sketch, but from the way 
in which some of the large thin sections 
show the cones grouped always around a 
single peduncle, with a number of pedi- 
cels, cut in various planes, scattered 
among the cones, it seems that this much- 
branched system of cones had a diameter 
of 2 inches or more and may well have 
attained a length of several inches. One 
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of the cones in the upper right half of the 
figure shows the five-angled form of the 
cone axis as viewed in a transverse cut, 
but the preservation is too poor to show 
the vascular structure. In one large seed 
(center of lower half) a single median 
chalazal bundle is seen traversing the 
stone up to the base of the nucellus. In 
two others the chalazal pad of the su- 
perior nucellus is distinctly shown. One 
seed shows well the chamber-like expan- 
sion of the micropylar canal in the apical 
part of the integument. There is general- 
ly no sign of an embryo sac, and no 
embryo has been found, but in one ovule 
there is a small ellipsoid body near the 
base of the nucellus, composed of a layer 
of radially elongated cells which leave a 
space in the center. It is difficult to as- 
sert that this is a young female gameto- 
phyte with centripetally growing cells, 
though the form, position, and structure 
of the organ strongly suggest this, even 
in the absence of archegonia. 

Figures 29 and 42 illustrate another in- 
teresting specimen throwing light upon 
the habit of C. compactum. Here a group 
of six cones is seen around a well-pre- 
served but obliquely cut peduncle, which 
again shows five incipient pedicels, each 
as a rule with its trio of coliateral vascu- 
lar bundles placed in an arc with its gap 
adaxial. As usual, the abaxial bundle is 
small, the two laterals large and reni- 
form, with their phloem tending to en- 
velop the xylem. When the slide is ex- 
amined in a tilted position, we can ob- 
serve about ten bundles forming the cen- 
tral vascular cylinder of the peduncle, 
arranged in the form of a flattened ring. 
One of the five incipient pedicels (the 
one toward the bottom of the figure) 
shows the usual three bundles, but when 
the section is tilted at 45°, the two lateral 
bundles are already seen divided, making 
five in all. The sketch shows the appear- 











m Sriv., Nipaniophyllum, two small conifer stems, and some detached 
text. c.a., cone axis; p, pedicel; pcle, peduncle. K36/6. 


Fic. 41.—Carnoconites compactu 
gymnosperm seeds (cf. fig. 28). Description in 
Approx. X5.1. 











Fic. 42.—Carnoconites compactum Sriv., and associated Nipaniophyllum, conifer stems, small gymno- 


spermous seed-bearing cone, and several detached seeds probably of same species (cf. fig. 29). Description 
in text. c.a., Cone axis; p, pedicel; pele, peduncle. K36/7. Approx. X5.2. 
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ance of all peduncle bundles as viewed 
at an angle of 45°, to correct the obliquity 
of the section. It appears that sometimes 
the pedicel started to form the five bun- 
dles very soon after leaving the peduncle 
and long before it passed into the cone 
axis. In figure 40 we have already seen a 
free pedicel showing five bundles placed 
in a ring which still shows a gap marking 
the adaxial side. 

Three of the larger cones in figure 42 
show the cone axis in position, and one 
of the axes clearly reveals its five-angled 
cross section. A much better section, 
with an almost regular pentagon, has 
been figured by SRIVASTAVA (17: pl. 7, 
fig. 68). Unfortunately, the five vascular 
bundles one would expect to find in these 
cone axes are not at all clearly seen, and 
it has not been possible to confirm 
SRIVASTAVA’s observation on this point, 
although there is every reason to believe 
that the five bundles of the pedicel are 
continued as such into the axis of the 
cone. We see two of the pedicels in fig- 
ure 42 continued into cones; and one of 
these (in the upper left-hand part) seems 
to fork like the letter Y, one branch ap- 
parently going to each of the cones at 
the top of the figure. I say “seems to 
fork” because the preservation at this 
point is poor (cf. fig. 29). 

An interesting fact, to which Srivas- 
TAVA drew attention, is the tendency of 
the pedicel to become fleshy at its distal 
end where it is about to enter the cone. 
This feature is clearly observed in both 
the pedicels just mentioned. In one of 
these it is strikingly expressed by the 
manner in which the wavy surface of the 
expanding pedicel, as seen here in a longi- 
tudinal section, interlocks to form sinu- 
ous sutures with the adjacent sarcotestas 
of the seeds at the base of the cone. More 
distally, the same pedicel is seen bending 
into the proper cone axis, there shown 
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crosshatched in an approximately trans- 
verse cut. 

Of the plant remains associated with 
C. compactum in this section, the most 
interesting is a very small female cone 
of a gymnosperm wedged in between the 
large cones in the lower half of the figure. 
It deserves at least a passing mention, 
because here again the ovules are at- 
tached directly to a cone axis without 
any sign of a subtending scale, bract, or 
stalk, and all micropyles point directly 
outward. Moreover, the outer limit of a 
fleshy layer is evidently marked by a 
firm membrane like a cuticle. There is an 
unmistakable suggestion that this is also 
a Carnoconites—either a third species of 
the genus or, as seems more likely, a 
young stage of one of the two known 
species. The stony layer of the integu- 
ment (although shown solid black in the 
diagrammatic sketch) is apparently not 
yet differentiated as a sclerotesta, and 
the unshrunken contents of the ovules 
also give the impression of being at a 
young stage of development. The small 
detached seeds which are seen scattered 
through many of the thin sections here 
described look very much like these 
ovules and may possibly belong to the 
same species of cone. If, however, this 
cone represents only a young stage, it is 
difficult to imagine how so many ovules 
became detached, as if they were ripe for 
dispersal. Further comment on this small 
cone is reserved for another occasion, 
as it has not yet been possible to 
study it carefully. 

Figure 43 is interesting in connection 
with the problem of habit. It shows a 
peduncle bearing a straight pedicel, of 
which a length of 13 mm. is preserved 
(lying apparently almost parallel with 
the peduncle), and several incipient 
pedicels around it, all cut more or less 
transversely. The central stele of the 
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peduncle shows, as usual, a flattened ring 
of something like ten bundles, but the 
preservation is not good enough to show 
the individual bundles clearly. All pedi- 
cels contain the usual three bundles each, 
a small one abaxially and two large lat- 
erals. The four cones seen in the figure 
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apparently all belong to the same pe- 


duncle. 

Now we can appreciate, to some ex- 
tent, the structure of C. compactum and 
the way in which it was related to the 
rest of the plant. C. compactum is a cone 
of usually ellipsoid form, about 2 cm. 


Fic. 43.—Carnoconites comtpactum Sriv., with associated conifer stems, Nipaniophyllum, and detached 
seeds. Description in text. p, pedicel; pele, peduncle. K 36/3. Approx. X 4.85. 
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long and 1 cm. broad, borne on a distinct 
slender pedicel, which is sometimes seen 
to branch. Evidence indicates that sever- 
al such cones sprang from a common 
peduncle. SRIVASTAVA figured a section 
(17: pl. 6, fig. 63) in which a number of 
cones, all cut transversely, are grouped 
around a peduncle, which is also seen in 
cross section. 

The ovules, in all about twenty in 
number, are contiguous, with nothing 
between them that mjght be interpreted 
as interseminal scales. They are inserted 
directly upon the cone axis, without any 
evidence of a stalk, subtending scale, or 
carpel. In the ripe state the seeds are 
pressed together into a mulberry-like 
fleshy mass, the enormously developed 
fleshy layers of adjacent seeds being in- 
timately dovetailed into one another 
along complex sinuous “sutures,” like 
the bones in a human cranium. Except 
for a relatively thin inner zone next to 
the stony layer, which consists largely 
of cells with dark (? resinous) contents, 
the greater part of the flesh is made up 
of large, thin-walled cells. Among these 
cells, particularly in the peripheral part 
of the cone, are many cells, of which the 
otherwise thin walls bear a close reticu- 
late pattern of thickenings recalling 
those on the velamen cells of some aroids 
and orchids (17: pl. 8, figs. 72, 73). 
These cells are especially well developed 
and numerous in the region around the 
micropyle, and Srivastava rightly sug- 
gested that they may have served as a 
water-storage tissue in a plant probably 
of xerophytic habit. The narrow micro- 
pylar canal was lined for most of its 
course by the stony layer, though its dis- 
tal part may have been formed by the 
outer fleshy layer which in the latest 
stages may have overgrown and com- 
pletely sealed up the passage. Presum- 
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ably the seeds were dispersed by some 
animal agency. 

The ovules seem to be all in an ad- 
vanced stage of development, for the 
stony layer has been fully lignified, and 
the appearance of the fleshy layer 
strongly suggests that it attained its 
present enormous thickness only after 
fertilization, as is the case in most mod- 
ern seeds with a fleshy coat. Even at this 
late stage, the nucellus was free from the 
integument and seated on a distinct 
chalaza! pad, though reduced to a shriv- 
eled membrane. Nothing is known of the 
existence of a pollen chamber. Concern- 
ing the structure of the female prothallus 
and of the embryo, little information can 
be gathered from the available sections, 
except that suspected traces of a prothal- 
lus are seen in one of the ovules. A single 
chalazal supply bundle has been seen 
penetrating the entire thickness of the 
stony layer, but no other vascular tissues 
in the ovule are as yet known. 

The cone axis is pentagonal in section, 
the slightly concave sides of the pentagon 
giving direct attachment to the ovules. 
SRIVASTAVA described a ring of five (or 
six) collateral mesarch bundles in the 
axis, but it has not yet been possible to 
examine this statement critically. 


C. LtaxuM SRiv.—C. laxum was con- 
structed on essentially similar lines, but 
the cone was distinctly longer and thin- 
ner (about 0.5 X 2.5 cm.)5 and carried 
many more ovules than C. compac- 
tum (figs. 30-33, 44). However, the 
specific name /axum is not quite appro- 
priate, for here, too, the seeds are densely 
crowded around the axis. The mode of 
attachment of the ovules and their orien- 
tation, with the micropyles directed 


$ In SRIVASTAVA’s paper (17: p. 207) the size of the 
cone is wrongly printed as being about 3 cm. X 5 
cm. It should have been about 3 cm. X 0.5 cm. 





















Fic. 44.—Carnoconites laxum Sriv., associated 
with numerous leaves of Nipaniophyllum type, a 
young Pentoxylon shoot, different from P. sahnii, 
some conifer stems, and isolated seeds of gymnosperm 
(cf. fig. 30). Description in text. K62/4. Approx. X 4.1. 
Long axis of figure is horizontal, with left side above. 
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horizontally or almost: horizontally out- 
ward, was the same as in the other spe- 
cies. There is no sign whatever of any ovu- 
liferous scale, bract, or sporophyll:. the 
ovules are seated directly on the cone axis 
itself. There is nothing to suggest the pres- 
ence of any interseminal scales or stalks. 

The fleshy layer of the integument was 
not so highly developed as in C. compac- 
tum, but several thin sections left by 
SRIVASTAVA clearly show that the flesh of 
the adjacent ovules was contiguous and 
became intergrown, although the ‘“‘su- 
tures’’ were not so intricate as in C. com- 
pactum. The fleshy layer is markedly 
thicker distally, where it envelops the 
micropylar half of the ovules, and it very 
probably overgrew and sealed up the 
openings after fertilization, as in the 
other species. 

Here, too, a cross section of the cone 
shows five or six ovules around the axis, 
which again is five- to six-angled.: The 
cone axis contains a ring of five bundles. 
The vascular supply to the ovules has 
not yet been investigated. 

Passing mention may here be made of 
a bunch of five small elongated seed- 
bearing cones from the Rajmahal Series 
originally figured by FEISTMANTEL (3), 
because it may belong to C. laxum or 
some related species—an idea already 
suggested by SRIVASTAVA in 1937. The 
fossil came from Murrero in the Rajma- 
hal Hills, where it was found in associa- 
tion with impressions of Taeniopteris 
leaves and woody fragments. It was in 
rg11 referred to Williamsonia by WiE- 
LAND (19), who erroneously regarded it 
as a whorl of staminate scales and 
named it “W. (?) rajmahalensis (Wiel. 
sp.)’’; but in 1919 it was transferred by 
KRASSER (5) to a new genus, Haitin- 
geria. In 1928, in ignorance of these 
names, the writer (11) described it in 
some detail under the new name Stro- 
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bilites pascoei, which must now yield 
place to Haitingeria rajmahalensis (Wiel.) 
Kras. 

WIELAND’s idea that the fossil repre- 
sents a whorl of microsporophylls is in- 
correct, because in the original specimen, 
which he had not examined, all the cones 
clearly bear numerous seeds on the slen- 
der axis. The anatomy is not preserved, 
but, if we allow for the different mode of 
preservation, the general features would 
seem to agree well with C. /axum. In par- 
ticular, it is noteworthy that forming an 
outline to each individual cone “there is 
in places a distinct border as if produced 
by the crushing of a tissue” (11: p. 43). 
FEISTMANTEL’s enlarged figures 5a and5b 
bring out this border clearly. Although it 
is impossible at present to say anything 
definite about the morphological nature 
of this enveloping tissue, it seems likely 
that it was the fleshy part of the integu- 
ments in a seed-bearing cone of C. laxum. 

The fact that these cones occur in a 
bunch of five, and are associated with 
Taeniopteris, may be of some significance 
in correlating them with the Pentoxy- 
leae. However, until we have structural 
data about the Haitingeria cones, an 
identity with Carnoconites cannot be 
established; hence the two genera will 
need to be maintained, one as a form 
genus for impressions or incrustations, 
the other as an organ genus for petrified 
cones showing the anatomy. 

CARNOCONITES REPRESENTS A NEW 
GROUP OF GYMNOSPERMS.—The above 
brief description makes it clear that 
these two species of cones cannot be as- 
signed to any group of gymnosperms 
known to us at present. The significant 
facts are the unique mode of attachment 
of the ovules and the complete absence 
of anything like bracts or ovuliferous 
scales, interseminal scales, or of a peri- 
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anth. These points are established be- 
yond doubt by the structure. 

Considering the fact that the stomatal 
structure of Nipaniophyllum is funda- 
mentally Bennettitalean, the question of 
interseminal scales in Carnoconites was 
investigated carefully. In the absence of 
any distinctly developed scales, one pos- 
sibility examined was that what is now 
the outer fleshy layer of the ovular integ- 
uments might, in the young cone, have 
consisted of a number of separate inter- 
seminal scales which, after fertilization, 
might have become fleshy and indistin- 
guishably fused with the integuments to 
form their outer fleshy layers. This idea 
is ruled out by the absence of any vascu- 
lar bundles which might have belonged 
to these scales. Another possible interpre- 
tation is that in the young flower inter- 
seminal scales of a small size may have 
existed but that after fertilization they 
may have become so completely over- 
grown by the fleshy integuments that 
they can no longer be distinguished. Both 
speculations, however, are based upon 
far-fetched assumptions, and their proof 
or disproof must await the discovery of 
young flowers. If the small cone seen in 
figures 29 and 42 is a young Carnoconites, 
it certainly does not bear out these specu- 
lations. In any case, there is no trace 
whatever of a perianth to support a 
Bennettitalean alliance. 

The only other gymnosperm groups 
known to be represented in the Rajma- 
hal flora are the Coniferales, the Taxales, 
the Cycadales, and, with some degree of 
probability, the Caytoniales. In each of 
these groups the mode of attachment of 
the ovules is distinct and characteristic. 
The absence in Carnoconites of all evi- 
dence of an ovuliferous scale, carpel, 
bracteate ovuliferous shoot, or mega- 
sporophyll rules out all these groups. 
The Gnetales and Ginkgoales are ob- 
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viously out of the question, and so are 
the Pteridosperms and Cordaitales. The 
genus Carnoconites must, therefore, belong 
to some unknown and new group of gymno- 
sperms. It would be too much to expect 
that at Nipania, within the limited 
amount of material here dealt with, we 
have two entirely new groups of gymno- 
sperms represented, one by the cones and 
the other by the stems and leaves earlier 
described. Attention should, therefore, 
be focused upon the Pentoxyleae, and all 
possible evidence should be explored, 
whether direct or indirect, for assigning 
these cones either to the genus Pentoxy- 
lon or to Nipanioxylon (if this genus was 
distinct from Pentoxylon). Let us now 
examine this evidence. 

CORRELATION OF CARNOCONITES WITH 
PENTOXYLON.—It must be admitted that 
any direct evidence of organic connec- 
tion is at present lacking. Let us examine 
briefly the indirect reasons, for what they 
may be worth, for assigning Carnoconites 
to Pentoxylon. Some of these are already 
clear from the descriptions given above. 
They are based partly upon the structure 
of the cone axis and the arrangement of 
the ovules and partly upon the way in 
which the vascular supply to the pedicel 
arises from the peduncle. The main 
point is that there is a predominantly 
pentamerous arrangement of vascular 
bundles in the distal part of the pedicel 
and in the cone axis, of ovules around the 
cone axis, and of cone pedicels around 
the peduncle. 

In both species of Carnoconites the 
cross section of the cone axis is generally 
five-angled, with a ring of five vascular 
bundles forming the stele (clearly seen in 
C. laxum). The structure of these bun- 
dles was stated by SRIVASTAVA to be 
mesarch, It has not been possible to con- 
firm this, for the preser¥ation is poor. 
Although the point is of some impor- 
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tance, we cannot use it one way or the 
other, for the position of the protoxylem 
in the primary bundles of the Pentoxylon 
shoot is also not clearly known; nor need 
the protoxylem lie in the same position in 
both stem and cone axis. There is no 
evidence that the bundles of the cone 
axis were tangentially expanded, but 
this is insufficient reason for not assign- 
ing the cone to the stem. SRIVASTAVA 
stated that the ovules are placed upon 
the axis in a % sequence. 

A number of sections have been de- 
scribed above, some of them previously 
figured by SRIVASTAVA, in which several 
cones of C. compactum lie around a pe- 
duncle; and the peduncle, as well as the 
cones, are all cut more or less trans- 
versely. In the peduncle there is general- 
ly a central cylinder of about ten collat- 
eral vascular bundles; and in the cortex 
around them there are always five groups 
of bundles which he, on very good evi- 
dence, regarded as the supply bundles to 
the pedicels of five cones. Each of these 
cortical groups generally consists of 
three bundles which are placed in an arc 
with its concavity adaxial. Of the three 
bundles in each group, the middle one is 
the smallest, the two lateral much larger 
and reniform in section. Pedicels iso- 
lated from the peduncle, and having their 
own cortex, have also been figured in the 
same sections, and these again show the 
same three bundles, the two lateral much 
larger than the third. Srivastava stated 
(for C. compactum) that, as the pedicel 
passes into the cone axis, the two larger 
bundles divide each into two, which turn 
around to form the ring of five bundles 
characteristic of the cone axis. In C. lax- 
um the cone axis definitely shows five 
bundles. 

As stated, this transition from three to 
five bundles takes place sometimes even 


before the pedicel has left the peduncle; 
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one of the free pedicels in figures 27 and 
40 has five clear bundles. In the light of 
all these facts, the connection of the 
cones with the peduncle around which 
they are repeatedly seen grouped may be 
be regarded as established beyond doubt. 

The five triplets of vascular bundles 
supplying the five pedicels arise from the 
main vascular cylinder of the peduncle 
in a spiral order, which SRIvAsTAVA de- 
scribed as a % sequence. As we have seen, 
the same sort of sequence was also ob- 
served by him in the arrangement of the 
ovules on the cone axis. 

The suggestion is that all these pre- 
dominantly pentamerous arrangements 
may have had something to do with the 
arrangement of the bundles in the vege- 
tative stem expressed in the generic 
name Pentoxylon. 

Incidentally, these facts reveal a com- 
pound female inflorescence of a type very 
unusual among known gymnosperms, the 
only comparable instance being that of 
the Gnetales, a group which can have no 
affinity whatever with the fossils before 
us. It is scarcely necessary to add that 
neither the pedicel nor the peduncle 
shows any trace of bracts or bracteoles. 


Reconstruction 


It is now possible to form at least a 
rough idea of the habit of the commonest 
and best known of the Pentoxyleae. This 
was the species which had the stem 
named by SrIvaAsTAvA as Pentoxylon 
sahnii. It bore foliage leaves of the type 
Nipaniophyllum raoi and the female 
cones known as Carnoconites compactum. 

The writer would picture this plant as 
a branched shrub, possibly a small tree, 
of xerophytic habit. Presumably the uni- 
sexual flowers were borne at the ends of 
lateral dwarf shoots which in appearance 
resembled the stem of a miniature cycad, 
with an armor of persistent rhomboid 





SAHNI—PENTOXYLEAE 77 


leaf bases. Whether the plant was monoe- 
cious or dioecious will probably long re- 
main unknown. Among the terminal 
bunch of simple, rather stiff and leathery, 
strap-shaped foliage leaves the young 
flowers were protected by apical buds 
formed of scale leaves which, like the 
foliage leaves, were shed by the forma- 
tion of an absciss layer. Occasionally a 
short shoot grew forth, as in Ginkgo, etc., 
into a shoot of unlimited growth and en- 
larged in girth to form a typical Pentoxy- 
lon stem. On the older stems probably 
the leaf bases were also thrown off with 
the formation of a bark. 

The male flowers have not been found, 
but they may have become shriveled up 
by the time the female cones were as far 
advanced as they are in our material. 
The markedly succulent character of the 
female cones goes well with the xero- 
phytic habit suggested by the deciduous 
leathery leaves. 

The female peduncle is presumed to 
have grown out of the apex of the short 
shoot, the five curved primary bundles 
resolving themselves into the stele of 
usually ten bundles in the peduncle. The 
distance it took to effect the transition is 
unknown but immaterial. A more impor- 
tant question is whether the peduncle 
was truly terminal or only apparently so, 
but this point would be difficult to 
clarify. 

The reconstructions attempted in fig- 
ures 45 and 46, although necessarily dia- 
grammatic and provisional, are based 
upon isolated fragments actually ob- 
served in the material above described. 


Systematic position of 
the Pentoxyleae 


If, as the evidence suggests, the corre- 
lation of Carnoconites with Pentoxylon is 
correct, then the new group of the Pen- 
toxyleae, already well established on 
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FIG. 45. 


vegetative grounds, would also be unique 
in its reproductive organs. On this basis, 
the provisional position of the group 
among the gymnosperm phyla can now 
be discussed. 

In 1920 the present writer suggested 
(10) a broad twofold division of the gym- 
nosperms into 

a) The Phyllosperms, whose seeds are 
clearly leaf-borne: Pteridospermae, Cyca- 
dales. 

b) The Stachyosperms, whose seeds are 
either clearly stem-borne, or borne upon 
organs which (at least according to one 
view) can be regarded as modified shoots: 
Cordaitales, Ginkgoales, Coniferales, 
Taxales, Gnetales 

In this grouping the position of the 
Caytoniales and the Bennettitales has 
remained uncertain. Although in 1920 
the Caytoniales were not sufficiently 
well known, we can now say that in their 
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Diagrammatic reconstruction of Pentoxylon sahnii Sriv., stem and leaves. Natural size 





Fic. 46.—Reconstruction of Pentoxylon sahnii 
Sriv., female cones. Natural size. 
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seed attachment they are clearly phyllo- 
spermic. The position of the Bennetti- 
tales still depends upon the morphologi- 
cal nature of the seed-bearing stalks, 
which is not yet clear. Essentially the 
same twofold division of gymnosperms 
has long been recognized in the terms 
Cycadophyta and Coniferophyta, al- 
though the Bennettitales are here defi- 
nitely grouped with the cycadophytes. 

When we try to ascertain the place of 
the Pentoxyleae in this broad classifica- 
tion, we are faced with a real difficulty. 
While in their seed attachment they are 
clearly Stachyosperms (coniferophytes), 
and they also have a coniferous type of 
secondary wood, their stomatal structure 
is fundamentally Bennettitalean, the 
vascular anatomy of their leaves is truly 
cycadean, and the general anatomy of 
the stem is unique. 

While we must await the discovery of 
new facts to ascertain the exact affinities 
of the Pentoxyleae, present evidence in- 
dicates that they occupy a unique and 
rather isolated position, despite certain 
affinities with both the Stachyosperm 
and the Phyllosperm divisions. 


Much of this paper, and in particular 
the illustrations, had to be prepared dur- 
ing a tour of the United States. This 
would not have been possible without 
the help of many colleagues while travel- 
ing across this country. It is a pleasure to 
record my appreciation of the kindness 
and courtesy with which facilities, and 
sometimes even active assistance, were 
extended to me at the start of my tour 
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westward at Harvard University by Drs. 
R. H. Wermore, I. W. Barey, E. S. 
BarGHOooRN, and B. G. L. Swamy; and 
later at Ann Arbor by Dr. C. A. ARNOLD; 
at Berkeley, California, by Drs. R. W. 
CHANEY, J. W. DuRHAM, and ADRIANCE 
S. Foster. On my return from the West 
Coast, I received similar courtesy at 
Lawrence, Kansas, from Dr. R. C. 
Moore; at Chicago from Dr. T. K. 
Just; and at Princeton from Drs. B. F. 
HowELL, ErtInG Dorr, and P. Mc- 
Ciintock. In London, Mr. W. N. Crort 
kindly made a search (which proved 
futile) for McCLELLAND’s type speci- 
men among the collections at the British 
Museum. On arrival at Stockholm in 
May, 1948, I had the advantage of 
discussing the nomenclature question 
with Professors HALLE and FLorIn and 
Dr. SELLING; my talks with Professor 
HALLE were particularly helpful, and it 
was a pleasant privilege to work in his 
laboratory at the Riksmuseum, where 
the manuscript was completed. I ought 
to add that, without Dr. Just’s forbear- 
ance with my shortcomings in the prepa- 
ration of the manuscript, it would have 
been impossible to see this work pub- 
lished in the symposium. To all these 
friends my most cordial thanks are due. 
Several of the photographs here repro- 
duced were taken directly from papers 
published by Dr. A. R. Rao and by the 
late Professor B. P. Srivastava. A few 
were prepared at Lucknow by my re- 
search assistant, Dr. K. R. SURANGE. 


INSTITUTE OF PALAEOBOTANY 
Lucknow, INDIA 
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GENERIC AND SUBGENERIC DISTRIBUTION 
OF THE CONIFERALES' 


J. T. BUCHHOLZ 


Introduction 

The Coniferales include 50 genera and 
approximately 550 species. Of these, 30 
genera are confined to the Northern and 
14 to the Southern Hemisphere (see figure 
and classification at end of paper). Only 
a half-dozen genera are represented in 
both Northern and Southern hemi- 
spheres, the most notable single genus 
being Libocedrus, represented by one or 
more species found on land areas bor- 
dering all four quarters of the Pacific 
Ocean. Of the other genera that cross the 
Equator, Podocarpus, Dacrydium, Phyl- 


‘Invitation paper presented at the symposium 
on “Evolution and classification of gymnosperms” 
conducted at a joint session of the Paleobotanical 
Section of the Botanical Societ¥ of America and the 
Society for the Study of Evolution, at Chicago, 
Illinois, December 30, 1947. 


locladus, and Agathis are of some impor- 
tance as essentially southern genera 
whose ranges cross the Equator to the 
north. The last three are Australian- 
South Pacific genera, represented by one 
or more species as far north as Borneo, 
the southern Philippines, and Malaya, 
while Podocarpus crosses the Equator 
and has a wide distribution in all the 
southern continental areas. It reaches far 
north, well into the North Temperate 
Zone in Japan and China; it crosses the 
Equator in the mountains of tropical 
Africa. In the New World Podocar pus is 
found in Mexico and the Caribbean 
islands, almost as far north as the Tropic 
of Cancer. Pinus is a pan-northern genus 
whose range of distribution crosses the 
Equator in the East Indies south as far 
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as the island of Timor. The remaining 
genera are either wholly northern or en- 
tirely southern in distribution. 

When considered by families, one finds 
that four families are essentially north- 
ern, two are southern, while one, the 
Cupressaceae, is unequally divided, with 
most of its genera in the Northern Hemi- 
sphere. In view of this rather sharp sepa- 
ration and for other reasons, it appears 
justifiable to discuss those of the North- 
ern and Southern hemispheres sepa- 
rately. 


Northern Hemisphere 


Only eight genera are encountered on 
all continents within their respective 
hemispheres. Seven of these are northern. 
Pinus, Larix, Abies, Picea, Cupressus, 
Juniperus, and Taxus have the widest 
distribution in the Northern Hemisphere. 
Cupressus is included, although this 
genus was originally absent in Europe; 
during ancient times it was restricted to 
Syria, Persia, and eastward across Asia 
to western, but not eastern, North Amer- 
ica. It was later introduced into Italy and 
the western Mediterranean. 

Aside from the seven genera of widest 
distribution, those represented on both 
sides of the northern Pacific are: Tsuga, 
Pseudotsuga, Chamaecyparis, Libocedrus, 
Thuja, and Torreya. 

Among the numerous genera of very 
restricted, or somewhat limited, northern 
distribution are: Pseudolarix, Keteleeria, 
Cunninghamia, Glyptostrobus, Biota, Fo- 
kienia, Cephalotaxus, and Amentotaxus, 
all in China; Sciadopitys and Thujopsis, 
from Japan and Formosa; Taiwania and 
Cryptomeria, with similar distribution, 
but also found in southwestern China 
and Burma. Macrobiota is in eastern 
Siberia. These are all regions that border 
on the Pacific Ocean. 

Three North American genera—Se- 
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quoiadendron, Sequoia, and Taxodium— 
are not represented in Japan, China, or 
elsewhere on the western side of the 
Pacific. Taxodium has a wide distribution 
on the Atlantic side of North America 
but also touches the Pacific side in 
Mexico. Thus, all the North American 
coniferous genera are in some -way re- 
lated to the perimeter of the Pacific 
Ocean. 

There are only three genera in Europe 
and western Asia whose distributional 
range does not touch the Pacific. These 
exceptions include Cedrus, which ranges 
from the western Himalayas to the Medi- 
terranean and Morocco; Tetraclinis of 
northwestern Africa; and Arceuthos, a 
questionable juniperoid genus, confined 
to Macedonia and possibly Asia Minor. 

In all, seven genera are found on all 
continents of the Northern Hemisphere; 
thirteen are restricted to eastern Asia, 
three are in western North America; and 
six genera are represented only on both 
sides of the northern Pacific. Twenty- 
seven of the thirty northern genera may 
be related to the Pacific perimeter; only 
three are somewhat removed from this 
world center of distribution. 

One may note, also, that usually the 
number of distinct species belonging to 
these genera is larger in regions bordering 
the Pacific. As an example of the fore- 
going statement, the distribution of the 
species of Pinus may be cited. There are 
approximately four times as many spe- 
cies of Pinus in the Rocky Mountains 
and on the Pacific slope as on the Atlan- 
tic side of North America. Similar condi- 
tions prevail when the distribution of the 
species of Abies, Picea, and Larix is 
considered. 

The northern Pacific perimeter is the 
indicated region of reference in reckoning 
the center of dispersal of the living 
Coniferales; it may be the region of 
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origin of many novelties during a recent 
cycle of speciation, since probably the 
newer species and genera have remained 
relatively near to their area of origin. 
Southern China and Japan are the actual 
“population” center, both for genera and 
for species. 

It is known, however, from the study 
of paleobotany that the Coniferales had 
their origin far back in geological history, 
long before the present land areas and 
mountain ranges came into being. There 
were, no doubt, several or many earlier 
cycles of speciation. The China center 
for the living species is one of the most 
recent, although it probably is not the 
only center of recent speciation. This 
may be illustrated by a more detailed 
consideration of the distribution of spe- 
cies of Pinus. 

From the present distribution of the 
sections of Pinus, it is unlikely that this 
genus has attained its diversification in a 
single area. It has been variously sub- 
divided into subgenera and sections by 
different taxonomists. No doubt this 
genus still awaits more adequate classifi- 
cation. For the present discussion I shall 
follow P1LGEr’s (8) sectional listing, in- 
cluding, in all, nearly one hundred 
species. 

The subgenus Haploxylon is essen- 
tially world wide in the Northern Hemi- 
sphere. In it, section Cembra has a single 
species common to Europe and Asia, two 
that are distinctly Asiatic, and two 
North American species. Section Strobus 
includes one species in Europe, four in 
Asia, and four in North America. Two 
species of section Paracembra occur in 
Asia and six in North America. Section 
Balfouriana has one Asiatic and two 
North American species. The subgenus 
Haploxylon, with about one-fourth of the 
species of Pinus, is almgst. equally di- 
vided between North America and Eu- 
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rasia but is not well represented in 
Europe. 

The subgenus Diploxylon is more un- 
equally distributed. Section Sula is repre- 
sented by one species in Asia and Europe, 
respectively, with none in North Amer. 
ica. Section Eupitys has seven to thirteen 
European, seven to fifteen Asiatic, and 
only two American species—the uncer. 
tainties in numbers are occasioned by 
synonyms and by species that might be 
included by some authors as varieties. 
Section Banksia has three European, one 
Asiatic (in the Causasus Mountains), and 
seven American species. Section Pinea 
has its single species in southern Europe. 
Section Khasia has two species in south- 
ern Asia (P. insularis is the species cross- 
ing the Equator to the island of Timor), 
The three remaining sections, Australes 
(5 spp.), Pseudostrobus (17 spp.), and 
Taeda (9 spp.), are exclusively American. 
Thus when judged by the distribution of 
existing species considered by sections, 
one must conclude that some sections of 
Diploxylon evolved their species in re- 
mote regions of the world; at least in part 
during recent cycles of speciation. 

But there must have been older cycles 
of speciation. One should be able to rec- 
ognize which of the living pines represent 
most nearly the true relics or direct de- 
scendants of Cretaceous pines, and which 
are the ones that have been evolved more 
recently. Or may one ask: Did all pines 
undergo renewed changes in each subse- 
quent cycle of speciation? Can anyone 
answer this question? 

This is a problem which the morpholo- 
gist has been attempting to answer with- 
out making much progress. Comparative 
morphology should be able to determine 
definitely that certain species are more 
ancient than others, that they possess 
more archaic characters. The final an- 
swer to these problems is to be found in 
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the morphology of the fossil conifers, but 
even their cone morphology often re- 
mains obscure. 

But one may feel certain that Cedrus is 
a very ancient genus of Pinaceae. This 
genus is found among Mesozoic fossils. 
If it were a genus of recent origin, one 
would expect it near the present center of 
distribution. It is not. Cedrus is found far 
removed from the Pacific. This genus 
was even present in Europe during the 
late Mesozoic, and its origin is unrelated 
to the Pacific perimeter. It is probable, 
also, that some or all of the other genera 
represented in the Mesozoic—such as 
Picea—had their origin during the Meso- 
zoic on continents other than eastern 
Asia. Paleobotany shows that Pinus, 
Cedrus, Picea, and other forms with some 
characters closely resembling Keleleeria 
or Abies, were present during the Meso- 
zoic. The other genera of Pinaceae are 
known only from the Tertiary or have no 
known fossil history at all. However, the 
remains of numerous extinct genera pos- 
sess individual morphological features 
that resemble those shown by some of the 
more recent genera of this family. The 
three genera, Pinus, Cedrus, and Picea, 
were abundant during the Mesozoic in 
regions in which they are now extinct or 
where they are not abundantly repre- 
sented today. 

The history of the Taxodiaceae goes 
back into the Mesozoic. Cunningham- 
iostrobus yubariensis Stopes and Fuji 
from the Cretaceous of Japan is said to 
be very similar to living Cunninghamia. 
Sciadopitys has been found in the Juras- 
sic of Greenland. Fossils referred to Se- 
guoia are found in Europe and Asia, some 
of them as early as the Jurassic. How- 
ever, certain genera of this family— 
Taxodium, Glyptostrobus, and Crypio- 
meria (all forms with erect seeds)—have 
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not been found anywhere earlier than the 
Tertiary. 

Paleobotany indicates also that the 
Araucariaceae and Podocarpaceae were 
found in regions of the Northern Hemi- 
sphere during the Mesozoic, from which 
they were excluded before or during the 
Tertiary. Unless the Proaraucarias (9) 
actually prove to be older (1), fossils be- 
longing to these families are first repre- 
sented in the Tertiary of the Southern 
Hemisphere, where the living forms are 
found today. 

None of the living genera of Cupres- 
saceae, except possibly Cupressus, is cer- 
tainly represented in the Mesozoic, 
though it appears that the family itself 
was present at that time. These are the 
fossils with opposite, decussate leaves 
such as are found almost exclusively to- 
day among the Cupressaceae; only very 
rarely are opposite leaves encountered 
within the family Podocarpaceae. Unless 
one believes that extinct conifers belong- 
ing to other families developed this kind 
of foliage during the Cretaceous, the fam- 
ily Cupressaceae was represented. The 
numerous genera included in this family 
among living conifers, however, may be 
regarded as the products of cycles of 
speciation that took place during or since 
the Tertiary. It is, therefore, remarkable 
that this newest family to become differ- 
entiated should be so nearly world wide 
in distribution in both Northern and 
Southern hemispheres. It is also remark- 
able that Juniperus has contrived to be- 
come world wide in distribution in the 
Northern Hemisphere. Is this due, per- 
haps, to the fleshy cones, often re- 
sembling berries, that may be dissemi- 
nated by birds? 

The most significant fact that may be 
gained from the distribution of fossils is 
their occurrence in regions or parts of the 
world far removed from the present cen- 
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ters of distribution of related forms. This 
lends support to the thesis that the geo- 
logical periods and epochs since the Pale- 
ozoic have been accompanied by renewed 
cycles of speciation followed by whole- 
sale extinctions. The present population 
is composed of species that were held 
over, slightly modified but essentially as 
relics, along with the newer products of 
the latest cycle of speciation. A process 
as described would yield a distribution 
pattern similar to the one found today in 
the lands around the Pacific perimeter. 


Southern Hemisphere 


There were some very early (Paleo- 
zoic) conifers in the south that have been 
studied by FLorin (6), but these were 
unlike the conifers that survive in this 
part of the world. These early conifers 
probably became extinct in this area long 
before the invasion of northern conifers. 
The Coniferales now in the Southern 
Hemisphere are related to those north of 
the Equator, and the latter may have 
invaded this region during the Tertiary. 
There are no fossils of the earlier conifers 
known in the south that may be related 
to living species prior to the Tertiary, but 
it must be remembered that this is only 
negative evidence. 

The living conifers of the Southern 
Hemisphere are related to the South 
Pacific perimeter much as those of the 
Northern Hemisphere. One must assume 
that the many islands of the South 
Pacific between Australia and southeast- 
ern Asia represent the highlands and 
mountain peaks of a submerged con- 
tinental area. These islands, Australia, 
and the Andean region in South America 
are the present home of nearly all the 
southern conifer genera. Outstanding ex- 
ceptions are Widdringtonia of South Af- 
rica, an isolated genus of the Cupres- 
saceae, and Podocarpus, found on al) 
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continents in the Southern Hemisphere 
and, therefore, represented in Africa. 
The two distinct sections of the genus 
represented in southern Africa are also 
not in conformity with the dominantly 
Pacific distribution pattern. 

Several examples may be given that 
illustrate the peculiarities of distribution 
of Coniferales in the South Pacific. Arau- 
caria, with about twelve species, and 
Agathis, with about twenty species, con- 
stitute the family Araucariaceae, a bio- 
logical unit that is somewhat unique, in 
both morphology and embryology. The 
Mesozoic forebears of these plants in the 
Northern Hemisphere are not well char- 
acterized. One of the subdivisions of the 
genus Araucaria in South America is rep- 
resented by a closely related but more 
prolific group in the western Pacific. 

The other genus, Agathis, does not 
cross the South Pacific. The negative 
evidence from the absence of fossils sug- 
gests that Agathis may never have 
crossed this barrier, but, on the other 
hand, this genus ranges from New Zea- 
land, Australia, New Caledonia, Fiji, and 
the Solomon Islands, far north across the 
Equator to Malaya and the southern 
Philippines. This distribution, similar to 
that of several sections of Podocarpus and 
some other members of the Podocarpa- 
ceae, can be explained on the supposition 
of a submerged extension of the Asiatic 
continent. 

Dacrydium, as well as Araucaria, is 
distributed on both sides of the Pacific 
Ocean. However, only a single species, 
D. fonkii, is present in Chile on the east- 
ern side of the South Pacific. 

Libocedrus, mentioned previously as a 
genus with anomalous distribution, is 
represented by one species in western 
North America, one in Chile, and one 
each in New Zealand and New Cale- 
donia. Several species are found in New 
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Guinea; one other occurs in southeastern 
Asia. 

A number of genera are found exclu- 
sively on the eastern or western sides of 
the Pacific. In South America one finds 
Saxegothaea, Fitzroya, and Pilgeroden- 
dron, all monotypic genera. On the west- 
ern side of this ocean, in Tasmania, are 
three species of A throtaxis and two mono- 
typic genera, Diselma and Microcachrys. 
Here, also, and in New South Wales, is 
Pherosphaera. In New Caledonia one 
finds Neocallitropsis (=Callitropsis; see 
FLORIN [7]), Austrotaxus, both of which 
are monotypic, and Acmopyle. The latter 
also is represented in Fiji. 

In summary, three genera are limited 
to the eastern side of the Pacific and 
seven are limited to the southwestern 
perimeter. 


Podocarpus 


The most interesting situation is pre- 
sented by the distribution of Podocarpus. 
This large genus of more than a hundred 
species is widely distributed in the 
Southern Hemisphere, being represented 
on every sizable island and continent. 
Although characteristically southern, it 
crosses the Equator in Africa and South 
America, and in southeastern Asia. The 
genus is composed of eight distinct sec- 
tions, according to the recent revision of 
BucHHoiz and Gray (see 3, 4 and key 
which follows). These sections are very 
unequally represented in various regions. 

The sections are: Microcarpus, with its 
single species known only from New 
Caledonia; Dacrycarpus, with more than 
a dozen species whose distribution ap- 
proximates that of A gathis; Nageia, over- 
lapping the more northern range of the 
latter and extending far northward into 
southeastern Asia and southern Japan; 
and Sundacarpus, with a single species 
(possibly with severa] varieties) ranging 
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from Sumatra, Java, Borneo, and the 
southern Philippines, south through New 
Guinea to the York Peninsula of Queens- 
land. The above four sections are all lim- 
ited to this region of the Old World. Sec- 
tion Afrocarpus is limited to South Africa 
and thus is far outside the overlapping 
ranges of the other four sections. Section 
Stachycarpus is represented in north- 
eastern Australia, one species is in New 
Caledonia, several in New Zealand, but 
the remaining five species and two varie- 
ties are on the eastern side of the Pacific, 
in Chile, Bolivia, Peru, Venezuela, and 
Central America. Section Polypodiopsis, 
which shows morphological affinity to 
section Afrocarpus, is found in South 
America on both sides of the Equator but 
also ranges to the western Pacific in Fiji, 
New Caledonia, and New Guinea. Thus, 
the two latter sections have a partially 
overlapping distribution and also range 
in part of the areas of the other Australo- 
Asiatic sections. 

The eighth and largest section, Eupo- 
docarpus, occurs on all continents and 
larger islands in the south. This section 
may be divided, however, into subsec- 
tions, categories which have been desig- 
nated thus far only by the letters A, B, 
C, and D. Subsection A is restricted to 
South Africa and Madagascar, including 
much of the area also occupied by section 
Afrocarpus. Subsection B occurs from 
eastern Asia and southern Japan south- 
ward through Malaya, the Philippines, 
and Indonesia to Australia and most of 
the South Pacific islands. It overlaps the 
distribution of the other sections of Podo- 
carpus in this part of the world but does 
not occur in Tasmania or New Zealand. 
Subsection C of Eupodocarpus is prob- 
ably most closely related to subsection A, 
and its range is limited to Central and 
South America. There are about seven- 
teen species and a half-dozen varieties in 
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this area, which includes the Caribbean 
islands. Subsection D is represented by a 
single species in Chile and a half-dozen 
species in New Zealand, Tasmania, east- 
ern Australia, and New Caledonia. It was 
probably derived from the group placed 
in subsection C. Thus, I conclude that 
the South Pacific area has been invaded 
from several directions by all the various 
sections of Podocarpus save Afrocarpus 
and subsections A and C of Eupodo- 
carpus. 

New Caledonia is peculiar in that 
there are represented on this island more 
sections of this genus and more genera of 
conifers (fully twice as many) than in 
any other place in the South Pacific. Are 
these relics of the oldest conifers of the 
Southern Hemisphere, or are they the 
products of some more recent cycles of 
speciation? The provisional answer is 
that they may be both. 

Many of the rare conifers of New Cale- 
donia may represent relics of the stock 
which invaded this land area early in its 
history. These are presumed to be genera 
migrating from the Northern Hemi- 
sphere, where they were then abundant. 
The conifers of New Caledonia may still 
include some species that have remained 
on this more primitive level of evolution. 

No matter how the genus Podocarpus 
may be subdivided, some of the sections 
and subsections of this large genus occur 
on both sides of the South Pacific. As the 
groups are interpreted by BucHHOLz and 
GRAY, it appears that the Old World sec- 
tions Microcarpus, Dacrycarpus, Nageia, 
Sundacarpus, and subsection B of Eupo- 
docarpus have remained in the general 
region of their encroachment from the 
north. Many of these sections probably 
had their origin north of the Equator ina 
region common to other related genera. 
The considerable number‘of podocarps 
and related genera present in both 
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Northern and Southern hemispheres of 
the Old World is a good indication of 
northern origin. The more isolated sec- 
tion Afrocarpus and subsection A of 
Eupodocarpus probably can be traced to 
the same northern region of Europe or 
Asia. Section Polypodiopsis (somewhat 
distantly related to section Afrocarpus) 
seems, however, to have crossed the 
South Atlantic from Africa to South 
America at some remote period. From 
interpretation of the leaf anatomy of 
species of Polypodiopsis, one gains the 
impression that the route of later migra- 
tion probably was westward, from South 
America across the Pacific to Fiji, New 
Caledonia, and New Guinea. Similarly, 
the migration route of section D of 
Eupodocarpus may have been across the 
South Pacific from east to west. 

By similar criteria, however, the direc- 
tion of migration of section Stachycarpus 
across the southern Pacific was from west 
to east. This agrees with the indicated 
direction of migration of Dacrydium and 
Araucaria, in both of which the South 
American species appear derivative in 
relative comparison with forms on the 
Australian side. Thus, there is a possibil- 
ity that the conifers have extended their 
migrations in both directions across the 
South Pacific. 


Land bridges 


The distribution of the southern coni- 
fers requires several land bridges. The 
one previously mentioned, an extension 
of the Asiatic continent to the South Sea 
islands north and east of Australia is 
easily accepted, but another land bridge 
directly across the South Pacific is dis- 
missed by geologists as highly improb- 
able. 

One would, therefore, have to envision 
a more distant land bridge through 
Antarctica as the only alternative route. 
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An Antarctic land bridge requires an 
enormous distance of migration south- 
ward, and the gaps between existing land 
masses are very extensive. These prob- 
lems become exceedingly complex on the 
basis of land bridges in the South Pacific. 

Former land bridges have, no doubt, 
played a role in the distribution of 
Coniferales. If an Asiatic land bridge to 
the southeast existed in the early Ter- 
tiary or in an earlier period, it probably 
was the corridor for migration of Cre- 
taceous conifers from the Northern to the 
Southern Hemisphere. This would in- 
clude Agathis, Araucaria, Podocarpus, 
Dacrydium, Phyllocladus, and other coni- 
fers with a northern Cretaceous history, 
that are now found in the Southern Hem- 
isphere. As stated before, many of these 
genera are still represented north of the 
Equator in the wake of their southward 
migration. 

There is little likelihood that Central 
America served as an early land bridge 
for the Araucarias and for the genera of 
Podocarpaceae found in South America. 
These are all specialized species closely 
related to those found on the western 
side of the Pacific; those of Podocarpus 
are related to forms on both the eastern 
and the western margins of the Atlantic. 
But the Panama route, no doubt, has 
served as a land bridge in a more recent 
transgression northward of certain sec- 
tions of Podocarpus. It may, likewise, 
have served as a bridge for members of 
the Cupressaceae. 

There was, no doubt, a land bridge 
connecting Alaska with Siberia during 
pre-Pleistocene time that effected the 
distribution of the present northern coni- 
fers. Many of the conifer genera common 
to both sides of the northern Pacific were 
situated in belts across the north. They 
were driven southward by the Pleisto- 
cene ice. Some have remained in the 
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mountains far to the south on both sides; 
others followed the retreating ice sheets 
and now occur as far north as Alaska. 

If there was a land bridge between 
North America across Greenland to Eu- 
rope, there appears to be little evidence 
of this in the distribution of the living 
coniferous genera. There is much greater 
likelihood of such a land bridge earlier, 
during the Cretaceous. 

There may also be the necessity of con- 
sidering a land bridge across the Indian 
Ocean to account for the distribution of 
some of the Cupressaceae—notably the 
closely related specialized groups: A cti- 
nostrobus and Callitris, and their rela- 
tives, Widdringtonia of South and Tetra- 
clinis of North Africa. This is a very es- 
sential connection if a southern Gond- 
wana continent was cut off for a long pe- 
riod from the northern continental land 
mass by the Tethys Sea. 


Continental drift 


An alternative explanation of the pe- 
culiar distribution of the Coniferales in 
the Southern Hemisphere, one which 
would avoid the difficulties of land 
bridges that do not seem to exist, is of- 
fered by the hypothesis of continental 
drift, as modified and explained by 
DuTorr (5). A former close connection 
is postulated between the African and 
South American continents; also, be- 
tween Antarctica, Australia, and the 
South Sea islands, in all forming a large 
southern land mass called Gondwana- 
land. Before disruption of this huge 
southern continent into smaller con- 
tinents and islands, it is supposed that 
Antarctica may have partially filled the 
gap now occupied by the Indian Ocean. 
With the drift of Antarctica to the south 
polar region, Australia and other South 
Pacific islands became detached and 
drifted through an arc into their present 
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positions, while South America drifted 
westward into its present position, thus 
forming the South Atlantic Ocean. Ac- 
cording to this hypothesis, the Panama 
land bridge was of more recent origin. 
This series of events in the history of the 
world’s land masses would seem to ex- 
plain some of the peculiarities in the dis- 
tribution of animal life. It would assist in 
explaining the distribution of conifers as 
well as that of some angiosperms. 

Although this hypothesis may appear 
extremely fantastic, it would, if true, of- 
fer a solution for many complex biologi- 
cal problems. The WEGENER-DuToIrT 
proposal should not be dismissed too 
hastily on the ground of its revolutionary 
nature. The distribution of Coniferales 
would add to the evidence DuTorr has 
summarized concerning the distribution 
of other organisms, a substantial series of 
facts that are in agreement with this 
hypothesis. 


Key to sections and subsectional 
divisions of Podocarpus 


Leaves small, awl-shaped or scalelike, 
amphistomatic, attached spirally 


Leaves of awl-shaped spreading 
needles, triangular or four-sided in 
cross section, with hypoderm, single 
resin canal; when flat, on pectinate 
frondose twigs of limited growth, 
giving the plants dimorphic foliage 
with the flat leaves compressed in 
vertical plane; ovule and seed with 
bract as long as ovule and free, but 
becoming fully incorporated with 
epimatium throughout its length at 
maturity, the receptacle becoming 
swollen or fleshy as seed ripens 

Sec. 1. Dacrycarpus 

Leaves of loosely appressed scales (red- 
dish) ; seed without fleshy receptacle 
and with bract shorter than seed, 

free from seed. . . Sec. 2. Microcarpus 
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Leaves large, not awl-shaped needles or 
scale leaves 
Leaves relatively broad with many 
parallel veins and as many resin 
canals beneath phloem, with hypo- 
Germ. ............. 506. 3. Nageia 
Leaves amphistomatic; receptacle of 
seed becoming swollen and fleshy 
Subsec. A 
Leaves hypostomatic, receptacle of 
seed remaining woody... .Subsec. B 
Leaves with a single median vein 
Leaves amphistomatic, without ac- 
cessory transfusion tissue 
Leaves alternate, usually spread- 
ing on all sides of twigs, seldom 
subopposite, with hypoderm on 
both sides, with transfusion tis- 
sue spread winglike from edges 
of vascular bundle but without 
accessory transfusion tissue 
Sec. 4. Afrocarpus 
Leaves opposite, four-ranked de- 
cussate but nevertheless spread 
out in a single plane 
Sec. 5. Polypodiopsis 
Leaves hypostomatic or prevailingly 
hypostomatic 
Leaves without hypoderm 
Leaves large, not distichous, 
5-16 cm. long (usually 8-11 
cm.) and 6-14 cm. broad, 
with accessory transfusion 
tissue. . .Sec. 6. Sundacarpus 
Leaves small, less than 3 cm. 
long and 5 mm. wide, usually 
spread apart in pectinate 
branches (a few Old World 
species or their seedlings may 
be amphistomatic), without 
accessory transfusion tissue 
Sec. 7. Stachycar pus 
Leaves with hypoderm of hypo- 
dermal fibres or if hypoderm is 
scanty the leaves have well-de- 
veloped accessory transfusion 
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tissue; seeds with swollen, fleshy 
or leathery receptacle 
Sec. 8. Eupodocar pus 
Leaves with 3-5 resin canals, a 
pair of these near margins of 
leaf; bracts beneath recep- 
tacle absent; Florin ring pres- 
ent in subsidiary cells sur- 
rounding stomates 
Subsec. A (African spp.) 
Leaves with 1-3 resin canals, all 
at vascular bundle 
Florin ring absent; bracts 
present beneath receptacle 
Subsec. B (Old World spp.) 
Florin ring present; bracts 
absent beneath receptacle 
Accessory transfusion tis- 
sue well developed 
Subsec. C (American 
spp.) 
Accessory transfusion tis- 
sue absent or replaced 
by sclereids. . .Subsec. D 
(Chile-southwestern 


Pacific spp.) 


Classification of the Coniferales’ 
Pinaceae Lindl. (1836): Pinus, Cedrus, 
Larix, Picea, Tsuga, Pseudolarix, Pseu- 
dotsuga, Abies, Keteleeria 
Araucariaceae Strasburger (1872): Aga- 
this, Araucaria 
Taxodiaceae Neger (1907) 
Subfam. I, Sciadopityoideae Pilger 
(1926): Sciadopitys 


Subfam. II, Sequoideae Buchholz 
(1940): Sequotadendron, Athrotaxis, 
Sequoia 

Subfam. III, Taxodioideae Pilger 
(1926) 


Sec. I, Cunninghamia, Taiwania 
Sec. Il, Cryptomeria, Glyptostrobus, 
Taxodium ‘ 


2 Adapted from Buchholz (2). 
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Cupressaceae Neger (1907) 

Subfam. I, Cupressoideae Pilger 
(1926): Cupressus, Chamaecyparis 
Subfam. II, Callitroideae Saxton 
(1916?): Tetraclinis, Widdringtonia, 
Callitris, Actinostrobus, Neocallitrop- 

sis (Compton) Florin? 

Subfam. III, Thujoideae Pilger (1926) 
in part: Libocedrus, Fitzroya, Pil- 
gerodendron, Diselma?, Biota, Fokie- 
nia, Macrobiota?, Thujopsis?, Thuja? 

Subfam. IV, Juniperoideae Pilger 
(1926): Juniperus, Arceuthos 

Podocarpaceae Neger (1907) 

Subfam. I, Pherosphaeroideae Pilger 
(1916): Pherosphaera 

Subfam. II, Podocarpoideae Pilger 
(1903): Microcachrys?, Saxegothaea, 
Dacrydium, Acmopyle, Podocarpus, 
in eight sections as follows (com- 
parison of PILGER’s subdivision (8) 
and BucHHOLz AND GRAY (3, 4): 

BucHHOLZ AND Gray} 


(Sections of genus [subgenera 
abolished}) 


PILGER 


I. Subgen. Stachy- 
carpus Engl. 


Aa and Ab 7. Stachycarpus Endl. 
in part 
B {4. Afrocarpus, n. sec. 


as 


. Sundacarpus, n. sec. 
II. Subgen. Protopo- 
docarpus Engl. 
Sec. 1. Dacrycar- 1. 
pus Endl. 
Sec. 2. Microcar- 2. 
pus Pilger 
Sec. 3. Nageia ce 


Dacrycarpus Endl. 
Microcarpus Pilger 


Nageia Endl. 


Endl. 
A. With swollen A. With swollen 
receptacle receptacle 
B. With woody {  B. With woody re- 
receptacle ceptacle 
5. Polypodiopsis Ber- 
trand. 
Sec. 4. Eupodo- 8. Eupodocarpus Endl. 
carpus 
Endl. 


3 It is possible to distinguish from one another all 
sections and subsections of the genus Podocarpus on 
the basis of leaf anatomy alone. 
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A. Without 
bracts be- 
neath recep- 
tacle 


A. Without bracts 
beneath recep- 
tacle 

(A. African species 

|C. Central, S. 

} American spp. 

D. Chile-south- 

| western Pacific 

spp. 

With bracts be- 

neath recep- 

tacle 

B. Asia, S. Pacific, 
Austr. spp. 


B. With bracts B. 
beneath re- 
ceptacle 
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Subfam. III, Phyllocladoideae Pilger 
(1903): Phyllocladus 
Cephalotaxaceae Neger (1907): Cephalo- 
taxus, Amentotaxus 
Taxaceae Lindl. (1836): Taxus, Torreya, 
Austrotaxus ? 
DEPARTMENT OF BOTANY 
UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 
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GYMNOSPERMS AND THE ORIGIN OF ANGIOSPERMS' 


THEODOR JUST 


Introduction 


Traditionally the problem of the origin 
of angiosperms is regarded as virtually 
synony mous with that of the origin of the 
angiosperm flower. This circumscribed 
approach is justifiable in view of the 
unique character and great biological im- 
portance of the flower and is definitely 
reflected in our modern systems of clas- 
sification of flowering plants. To date, 


‘Invitation paper presented at the symposium 
on “Evolution and classification of gymnosperms” 
conducted at a joint session of the Paleobotanical 
Section of the Botanical Society of America and the 
Society for the Study of Evolution, at Chicago, 
Illinois, December 30, 1947. 


comparison of the flower and its con- 
stituent elements with corresponding or- 
gans of other living groups of higher 
plants has provided the main basis for 
the interpretation of all these organs. 
But important discoveries of fossil plants 
often necessitate changes, for many of 
these finds pose new problems and re- 
quire new interpretations. Since most 
fossil specimens of flowering plants repre- 
sent either leaves, stems, or seeds, and 
fossil flowers are usually poorly pre- 
served, it is improbable that the “‘origi- 
nal” angiosperm flower will ever be rec- 
ognized in the fossil record. With such 
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direct proof missing or unlikely to come 
to light, botanists are using all indirect 
clues and evidence in their quest for the 
possible ancestors of the flower. 

Since several reviews (33, 35, 46, 62, 
70) contain adequate accounts of the 
more important lines of investigation 
pursued so far, the first part of the pres- 
ent paper is limited to a brief discussion 
of certain recently proposed or modified 
interpretations of the angiosperm flower. 
In addition, significant aspects, notably 
those pertaining to the genera] evolution 
of gymnosperms and angiosperms, are 
discussed, as they provide material and 
background for a better understanding 
of “evolutionary changes as events af- 
fecting plants as living organisms and 
not merely as changes in a morphological 
pattern” (63). Such changes frequently 
indicate that in plants many structures 
evolve at rates differing from those char- 
acteristic of others and that unequal 
evolution of parts of the same plants is 
apparently quite common in flowering 
plants as well as in other groups. As all 
available information concerning these 
and similar problems is appraised, an- 
swers to them appear to be closer at hand 
than for some time past. 


Origin of the angiosperm flower 


The numerous and all too often con- 
flicting theories regarding the nature and 
origin of the angiosperm flower can be 
grouped according to several points of 
view. As is well known, it has long been 
customary to distinguish between a Ra- 
nalian and an Amentiferan theory, not to 
mention their variants and compromise 
versions. The former postulates that the 
Ranales represent the primitive complex 
from which most other orders are sup- 
posed to have descended, whereas the 
latter stipulates that the Amentiferae 
comprise the starting-point of angio- 
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sperm evolution. Another scheme js 
based on the chronological order accord- 
ing to which these theories appeared, the 
recognition of three groups, namely, pre- 
and post- Darwinian, and modern. A very 
different arrangement results if these 
theories are classified according to the 
derivation and participation of parts of 
the pistil produced by the axis, fertile and 
sterile carpels (46). 

Finally, the writer (35) suggested still 
another series of groups, including the- 
ories related primarily through orienta- 
tion and methodology, rather than 
classified according to their starting- 
points, or some other possible criteria. 
However arbitrary these (and other) 
groups rr ay appear to be, they can in this 
manner be subjected to comprehensive 
treatment such as is useful here. Three 
groups are recognized, viz., (a) meo- 
classical, (b) phylogenetic, and (c) onto- 
genetic theories. Of these, the second 
group comprises the theories of greatest 
immediate interest to the paleobotanist. 
Therefore, discussion of the other groups 
is here omitted but can be found else- 
where (35). 

Directly or indirectly, every major 
gymnosperm group, whether living or ex- 
tinct, has at one time or another been 
considered either as a possible ancestor of 
or as a link with the angiosperms. Unfor- 
tunately, the multitude of relevant the- 
ories cannot easily be enumerated and 
characterized under two main headings, 
in accordance with CHAMBERLAIN’s ma- 
jor groups, cycadophytes and conifero- 
phytes (12). For, if another basis of di- 
viding the gymnosperms is followed (6, 
7, 8), more and quite different groups 
must be distinguished. As these groups, 
in turn, are derived from lower vascular 
plants, the fact emerges that the story of 
the origin of the angiosperm flower is 
only the last chapter in the long and in- 
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volved history of the vascular plants. 
Although the latter cannot and need not 
be told here, those parts bearing on the 
classification of the gymnosperms, and 
ultimately on that of the angiosperms, 
are included in this connection. 

At least a diphyletic origin of the 
angiosperms was postulated by HAGERUP 
(26-30), who regarded the integument in 
conifers as a sporophyll and as homolo- 
gous with the sporophyll of the Lyco- 
podiales. One line begins supposedly with 
the Filicales and extends through the 
Cycadales to the Ranales (Polycarpicae), 
whereas the other series, extensively doc- 
umented by HAGERUuP, begins with the 
Lycopodiales and extends through the 
Cordaitales, Coniferales, and Gnetales to 
certain angiosperm groups, viz., Cen- 
trospermae and Personatae. In this se- 
ries, Juniperus appears to be closest to 
the angiosperms. One critic, CHADEFAUD 
(10, 11), who favored a derivation of the 
angiosperms from the true cycads, drew 
attention to the difficulties met if 
HAGERUP’s views are applied to the 
pteridosperms, cycads, and flowering 
plants. Another critic, FAEGRI (16), 
pointed out the fundamental difference 
in the mode of formation of sporangia in 
the two vascular groups from which these 
main lines are supposed to have come. 

HAGERUP’s views, however, have also 
been widely accepted and considerably 
expanded. One exponent, EMBERGER 
(15), postulated a multiple origin of 
angiosperms from several gymnosperm 
groups and presented his views in an in- 
structive diagram. Of the six original 
morphological stocks recognized by him, 
the Casuarinales, Amentiferae, and Ra- 
nales arose apparently independent of 
one another, while other groups were 
derived from them. 

On purely theoretical grounds, Gaus- 
SEN (20) suggested a new mode of origin 








JUST—ORIGIN OF ANGIOSPERMS 93 


of anatropous, bitegmic ovules. This se- 
ries begins with a pinnate megasporo- 
phyll, such as is known in the Cayto- 
niales, the leaflets of which are converted 
into cupules, each containing several 
unitegmic ovules. In the next stage, one 
ovule becomes predominant at the ex- 
pense of the others, which appear atro- 
phied. The final stage is reached when 
each cupule represents the outer integu- 
ment of an anatropous, bitegmic ovule. 
So far, paleontological proof of this mode 
is missing. Another possibility of the 
origin of bitegmic ovules was illustrated 
by CHADEFAUD (11), who showed the 
gradual incorporation of a nucellus into a 
megasporophyll in a series leading from 
Walchia to modern pines. 

Analysis of the evolution of single 
characters or organs, like the flower, led 
GAUSSEN to formulate several evolu- 
tionary laws. According to these, char- 
acters, organs, or groups of plants may be 
in either a primitive, an evolved, or an 
overevolved state. Once a certain struc- 
ture reaches an overevolved state, it 
tends to return to primitive conditions. 
Such pseudocyclic evolution can be seen 
in the cotyledons of the Abietineae and 
in the flowers of the crucifers, umbel- 
lifers, and Compositae. The inflores- 
cences of the Euphorbiaceae, however, 
exemplify polycyclic evolution, compris- 
ing several analogous pseudocycles, fol- 
lowed by either the flower, the cyathium, 
or the inflorescence (“incyathescence’’). 
As the latter may at times come to re- 
semble simple cyathia, such groups of 
female flowers may well be converted in 
this manner into a pistil. In short, could 
pistils actually be inflorescences? In Em- 
BERGER’s opinion, overevolved flowers 
are a general phenomenon. Thus OZENDA 
(46) correctly asked whether the flower 
has been acquired by the angiosperms as 
a characteristic specialization, as VAN 





TIEGHEM thought, or have its carpels 
descended from reduced (contracted) 
branching systems, as postulated by 
Eames and collaborators on the basis of 
the telome concept (70-72). Paleobotani- 
cal evidence seems to favor the second 
view. 

The Gnetales have long held a key po- 
sition in discussions relating to the origin 
of the angiosperms, and interest in this 
order, particularly in the Gnetaceae, is 
still on the increase (17, 18, 21, 22, 23, 38, 
40). For instance, MARKGRAF, in the first 
modern monograph of Gnetum (40), re- 
garded this genus as a representative of 
a highly evolved line of gymnosperms 
which long ago branched off from the 
others and retained no particular rela- 
tionship to other living families. GEORGE 
(22), by comparison, listed thirteen char- 
acters which Gnetum has in common with 
the dicotyledons, not counting the posi- 
tive results of the Maule reaction, dis- 
cussed elsewhere in this paper. Although 
no fossil members of the family are 
known, certain anatomical characters of 
the stem appear to be vestiges of medul- 
losan structure suggesting derivation of 
the Gnetaceae from the base of the 
pteridosperm branch (23). On this basis 
they are regarded as primitive angio- 
sperms, undergoing reduction and repre- 
senting the remnants of a branch near 
the base of the angiosperm trunk. 

FAGERLIND (1'7), who studied the life- 
histories of the group anew, traced and 
illustrated diagramatically the evolution 
of megagametophytes in gymnosperms 
and angiosperms. According to him, the 
cells of the angiosperm embryo-sac are 
homologous with the tapetal cells of the 
gymnosperm megagametophyte, and, in 
conformity with STRASBURGER’s opinion 
regarding the phylogeny of the angio- 
sperm embryo-sac, endosperm fertiliza- 
tion is different from egg fertilization. 
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The megagametophyte of Gnetum is 
tetrasporic, a condition assumed to have 
been characteristic of the ancestors of the 
angiosperms and easily regained by their 
living representatives. 

In addition, FAGERLIND (18) offered a 
new interpretation of the strobili of 
Gnetum and pointed out its far-reaching 
importance. According to this author, 
the female flower of Gnetum represents a 
reduced shoot, the tip of which is occu- 
pied by the nucellus, while the whorls of 
bracts have become integuments. Simi- 
larly, the male flower constitutes a short 
shoot, the tip of which remains undi- 
vided or divides but once, while only a 
single whorl of bracts is present. The 
strobilus, as such, is interpreted as a 
telome stand, the main axis of which is 
regarded as a columnar syntelome, com- 
posed of the sympodia of various telome 
stands. The homologies with the repro- 
ductive organs of Welwitschia, Ephedra, 
and angiosperms are demonstrated. Sig- 
nificant in this connection is the fact that 
FAGERLIND can derive several floral 
types among angiosperms directly from 
these conditions in Gnetum. For instance, 
the Amentiferae (Monochlamydeae) and 
Ranales (Polycarpicae) can be regarded 
as equally primitive, as both mark dif- 
ferent lines of the same main stock. Ac- 
tually, present-day angiosperms are de- 
rived from common but extinct pro- 
angiosperms, by either two or more paral- 
lel lines (fig. 1). Separation of the original 
stock into these old lines is assumed to 
have taken place quite early in angio- 
sperm history. Though supporting a 
polyphyletic origin of modern angio- 
sperms, FAGERLIND actually rejected the 
interpretation advanced by HAGERUP 
(see above), largely because neither the 
typical gametophyte structure nor double 
fertilization is found elsewhere in such 


characteristic form. The hypothetical 
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pro-angiosperms are not supposed to be 
far removed from Gnetum, which in turn 
occupies a position close to the Cor- 
daitinae-Coniferae complex. Figure 1, 
which illustrates these views, indicates 
that FAGERLIND’s interpretation is inter- 
mediate between the Ranalian and 
Amentiferan theories. 
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barely so, by secondary changes (Bryop- 
sida, Psilophyta, Sphenopsida, and pos- 
sibly by Lycopsida). By comparison, 
the Phyllosporae bear their sporangia 


‘“‘on many-telomed sterile fronds” (sporo- 


phylls) and comprise the Pteropsida 
sensu stricto (except certain primitive 
ancestors like Stauropteris and Protop- 
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Fic. 1.—Phylogeny of the angiosperms. Adapted from FAGERLIND (18) 


Recently Lam (37) redefined SAHNI’s 
(50) Phyllospermae (Pteridospermae and 
Cycadophyta) and Stachyospermae (Co- 
niferophyta). The former are mega- 
phyllous and bear their seeds on leaves, 
whereas the latter are more or less micro- 
phyllous and bear their seeds directly on 
axial structures. The new categories, de- 
signed to apply to all Cormophyta of 
both sexes, are given new names and cir- 
cumscriptions. The Stachyosporae lack 
true sporophylls, as their sporangia, orig- 
inally borne on axes, are not connected 
with sterile telomes or syntelomes, or 


teridium). LAM also recognized and 
defined as a new group the Protangio- 
spermae, including the Chlamydosper- 
mae (Gnetales), the recently described 
Sarcopodales? (Indo-China), and the Ver- 
ticillatae; the entire group is mainly 
stachyosporous with a marked tendency 
to develop a “perianth.” Many angio- 
sperms are likewise regarded as stachyo- 
sporous, especially a number of families 
the 


belonging to Monochlamydeae 


2 The genus Sarcopus has been identified with 
Exocarpus, a member of the Santalaceae. 
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(Amentiferae), some Sympetalae, and 
certain Monocotyledones. These “views 
seem to support the concept of a bi- 
rheithry (biphyly) of the Angiosperms as 
a whole” or “the possibility that the 
Angiosperms are at least birheithric.”’ 
One of these lines supposedly begins with 
the unknown, stachyosporous ancestors 
of the Gnetales and extends to the Mon- 
ochlamydeae, whereas the other comes 
from phyllosporous ancestors (Cycadop- 
sida) and extends to the Magnoliales. 


Vegetative structures 

With improved techniques, paleo- 
botanists have of late been able to study 
critically fossils otherwise difficult to 
classify. Cuticular and epidermal char- 
acters now provide valuable criteria in 
addition to those studied by other meth- 
ods. As most of the important studies of 
this kind were carried out on living and 
fossil gymnosperms, the results are 
doubly significant in this connection. 
Thus, on the basis of detailed compari- 
sons of epidermal (stomatal) characters 
of living and fossil cycads, FLorIN (19) 
has been able to prove that two fossil 
species of cycads, represented by either 
leaves or sporophylls, are likely to belong 
to the same species, although organic 
connection between them has so far not 
been found. Application of these methods 
to angiosperms was attempted, at least in 
one instance (49). The Magnoliales sensu 
stricto, like many other angiosperms, are 
syndetocheilous, while their wood is 
homoxylous.? Greater utilization of these 
characters toward the improvement of 
available systems of classification of 
flowering plants may prove as profitable 
as in case of the gymnosperms. 

Since wood anatomy and its taxonomic 

3 Rao’s statement can be applied only to the 


Winteraceae and to the genera Trochodendron and 
Tetracentron (3). 
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implications are far better known and 
understood (3, 44, 64), no comment is 
needed here. It may be of interest to 
note, however, that woods of Tertiary 
age found in Europe are likely to be more 
resistant if their living equivalents are 
resistant. Greatest resistance is char- 
acteristic of lignites belonging to the 
genera Sequoia, Taxodium, and Cupres- 
sineae (45). Finally, plant chemists have 
devised certain tests useful in establish- 
ing possible relationships among certain 
systematic groups. The Maule reaction, 
when applied to Gnetales, is positive, 
i.e., it indicates relationship with angio- 
sperms (24, 42). On this basis the Gne- 
tales could be referred to the Angio- 
spermae. The same reaction, when ap- 
plied to pteridophytes and gymnosperms, 
is negative, except for the Selaginellaceae 
and some cycads.‘ 


General principles of phylogeny of 
flowering plants 


The elaboration of our modern sys 
tems of classification of flowering plants 
results in the formulation of a number of 
general principles. The earlier ones, pro- 
posed by ENGLER and by others, have 
since been emended and many new ones 
added (31, 41, 47, 48, 58, 64, 65, 69, 71). 
As might be expected, most of these con- 
cern morphological and anatomical char- 
acters, while others deal with ecological 
or general evolutionary aspects. No doubt 
additional principles will be formulated, 
as related fields, such as cytology, genet- 
ics, plant chemistry, and paleobotany, 
provide new data. 

All together, more than fifty principles 
have been proposed to date. As they are 
usually formulated in conjunction with 


4 Other exceptions are: one species of Podocar pus 
gives a positive Maule reaction, whereas certain 
angiosperms, mostly monocotyledons, give a 
negative or feeble Maule reaction. 
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different systems of classification, some 
are bound to contradict one another. If, 
for instance, entomophily is to be re- 
garded as more primitive than anemoph- 
ily, it must have been effective at least 
as early as the Jurassic, i.e., at a time 
in which the pollinating insect groups and 
the flowers visited by them are missing in 
the fossil record (13). Another principle 
postulates that primitive orders are dom- 
inant in temperate regions, while ad- 
vanced orders occur mainly in the trop- 
ics. The remarkable results of recent 
botanical explorations in tropical coun- 
tries certainly indicate that the opposite 
may well be true. Despite such occasional 
differences of interpretation, the major- 
ity of these principles is now generally 
accepted. As a group they record the 
main lines of evolution followed by the 
flowering plants and demonstrate the 
fact that normally more than one char- 
acter or group of characters is evolving at 
the same time (3, 4). 

Any attempt to express these prin- 
ciples consistently in determining the se- 
quence and delimitation of the taxonomic 
groups of flowering plants leads to dif- 
ficulties (32). Actually, no system of 
classification has been devised in accord 
with all these principles, for the arrange- 
ment of families and orders must of ne- 
cessity be always linear rather than 
three-dimensional. Thus all phylogenetic 
systems have this defect in common, al- 
though the latter can be overcome in 
part by the use of the lucid symbols in- 
troduced by Lam (36) and modified by 
BAUMANN (5). 


Time and place of origin 
of angiosperms 
The “bewildering suddenness” of the 
appearance of the angiosperms in late 
Cretaceous times signifies one of the ma- 
jor gaps in the fossil record. Many ex- 
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planations of and possible reasons for this 
unparalleled event have been advanced, 
but “of this actual origin very little is 
known” (25). Most important among 
these reasons are the following: not all 
geological periods are represented by sed- 
imentary rocks; preservation of plant re- 
mains in certain areas is often precluded 
by special climatic conditions; correla- 
tion of strata over large areas is exceed- 
ingly difficult ; exact age determination of 
certain deposits is hazardous if not im- 
possible; few fossil floras are known from 
the Southern Hemisphere; unquestion- 
able ancestors of the angiosperms have 
so far neither been recognized nor found; 
botanists are not fully agreed on the 
morphological nature of the angiosperm 
flower and its history; the angiosperms 
rose rapidly to become the “dominant 
plants of the world”’; the principle orders 
and families were differentiated quite 
early and subsequently became diversi- 
fied; many gymnosperms dominant dur- 
ing the Mesozoic disappeared entirely, or 
nearly so; many flowering plants possess 
unusual disjunct distribution patterns; 
the evolution of insect groups functioning 
as pollinating agents is incompletely 
known. 

Irrespective of these and other dif- 
ficulties, Goop (25) thought that the 
answer to this problem “really largely 
depends upon another question,” namely, 
“‘whether the Flowering Plants as a whole 
are to be regarded as having had a 
monophyletic origin or not.” To this 
should be added the correlated problem 
of monotopous or polytopous origin. The 
complexity of the story is evident from 
the discussion given in the first part of 
this article and from a comparison of 
other explanations advanced in this re- 
gard (9, 34). It must suffice here to indi- 
cate two points of view. The earliest 
known fossil members of the angiosperms 
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were found in the Cretaceous of Green- 
land, suggesting the existence at that 
time of a warmer climate in that region, a 
single center of origin, and subsequent 
southward migration of these early 
groups. On the other hand, advocates of 
a southern origin base their claims 
largely on present-day distribution pat- 
terns as indicators of past conditions and 
explain them on the basis of the theory 
of continental displacement and the solid 
land mass postulated by it. 

The possibility of a polyphyletic (and 
polytopous) origin from widely distrib- 
uted old stocks is favored by some paleo- 
botanists (15, 64), who are inclined to 
regard the difference between mono- 
phyletic and polyphyletic as a matter of 
degree. In WERNHEIM’s opinion (fide 
SPRAGUE [58]), ‘‘a common origin of all 
the Angiosperms does not preclude the 
possibility of their having divided into 
several phyla prior to the adoption of the 
angiospermous condition.” 

In view of the fact that the evolution 
of the angiosperms seems to have pro- 
gressed at a rather slow rate once the 
main groups were established, a much 
greater age is now being postulated for 
the earliest representatives or the actual 
forerunners, e.g., late Permian or the be- 
ginning of the Mesozoic (63, 67). 
Tuomas (63), for instance, referred to 
highly interesting and as yet undescribed 
Mesozoic (Triassic) material from Cape 
Province and recommended that more 
paleobotanical work be done in South 
Africa and Australia. For, “if the flower- 
ing plants originated there in late Palae- 
ozoic or early Mesozoic times, the puz- 
zling problem of their sudden appearance 
in the Northern Hemisphere at a later 
date may be solved.” 

Significant results may also be ex- 
pected from further exploration and 
study of the living floras of the Southern 
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Hemisphere. Thus LAwson (39) has 
clearly demonstrated the great impor- 
tance of the Australian flora in the study 
of plant evolution: This flora is marked 
by three unusual features: (a) the pre- 
dominance of the genus Eucalyptus, as 
“no other continental flora is so greatly 
dominated by a single genus,” and of the 
Leguminosae and Proteaceae; (b) the 
striking and varied xerophily of the 
flora, evidenced by the presence of so 
many perennials with evergreen leaves; 
and (c) the large percentage of endemic 
types, as 30% of the genera and 70-85% 
(in western Australia) of the species are 
endemic and characterized by “highly 
specialized adaptations to xerophytic 
conditions.’’ Two main reasons are given 
to account for the presence of so many 
endemics in Australia. They are: (a) the 
evolution of the Australian flora has vir- 
tually never been interrupted by major 
climatic changes like glaciation and (6) 
“its isolation for a long period of geologi- 
cal time” has prevented constant inva- 
sion of new elements from other floras. 
According to Lawson, a high degree of 
pollen sterility is characteristic of the 
two families, including most of the en- 
demic species, Myrtaceae and Proteaceae, 
and provides proof of the hybrid origin of 
these endemics. As the origin of non- 
endemic species is not likely to differ ma- 
terially from that of endemic ones, Law- 
son concluded that hybridization and 
natural selection are the main factors in 
the evolution of angiosperms. As both 
these families represent old stocks, their 
study from an evolutionary point of view 
is equally desirable and promising. 


Quantitative evolution 


Lacking detailed fossil evidence, SMALL 
(52-57) used statistical methods to deter- 
mine the normal lifetime of angiosperm 
species and genera, as well as other val- 
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ues. According to his calculations, the 
normal lifetime of angiosperm genera 
varies between 24 and 28 million years, 
that of species approximates 12 million 
years, and the so-called “free doubling” 
period or Dp-age unit lasts nearly 2 mil- 
lion years. In addition, he determined 
that the angiosperms originated in the 
Jurassic, assuming that their total spe- 
cies number is 160,000. Some 10,000 spe- 
cies of this total belong to the Composi- 
tae, a family said to have originated 72 
million years ago at the end of the 
Upper Cretaceous. As a family the 
grasses contain today some 6,000 species 
and are said to have appeared earlier, 
about 96 million years ago in the Upper 
Cretaceous. SMALL also found that or- 
dinary genera include from 44 to 64 spe- 
cies, whereas primordial genera, like 
Senecio, may contain in excess of 1,000 
species. 

Apart from the criticisms of SMALL’s 
conclusions voiced by WILDEMAN (68), 
comparison of these figures with others 
should prove of interest. For instance, 
Tuomas (63) reasoned that the angio- 
sperms, with their thousands of genera 
and hundreds of thousands of species, are 
not likely to represent ‘‘a group of rela- 
tively recent origin.’’ Actually certain 
families have undergone little change 
during the last go or 100 million years. 
For these reasons, and on morphological 
grounds, THOMAS thought that the angi- 
osperms “‘could scarcely have originated 
at a more recent period than the end of 
the Paleozoic epoch.” Similar views have 
been expressed by others (13, 67). 

Ginkgo is often regarded as the oldest 
“living fossil,” apparently having suf- 
fered little change since the Permian. 
WIELAND (66) estimated that the aver- 
age specific change in Ginkgo would re- 
quire 10 million years. In his opinion, 
thirty steps, each of the magnitude of 
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fossil species, would connect Ginkgo with 
typical Cordaites, its probable ancestor. 
Twenty additional steps would connect 
the latter with the simplest vascular 
plants of the early Devonian. Various 
other “living fossils,” either gymno- 
sperms or angiosperms, are less well 
known for their great ages. Although 
none can be compared in age with 
Ginkgo, all exceed that of Metasequoia 
(1, 43). Therefore, bradytelic (slowly 
evolving) genera are as characteristic of 
certain groups as are tachytelic (rapidly 
evolving) ones of others (51, 60). 


Evolution and specialization 


Modern systems of classification of 
flowering plants differ widely among 
themselves. These differences reflect in 
part the divergent views held by the au- 
thors of these systems in regard to the 
origin, derivation, and delimitation of 
critical angiosperm groups and in part are 
due to inherent difficulties. The latter are 
becoming more apparent as new facts are 
being brought to bear on them. Thus 
STEBBINS (61) demonstrated the wide oc- 
currence of polyploidy in flowering plants 
and indicated its possible significance in 
regard to their classification, for, in his 
opinion, failure on the part of systema- 
tists ‘‘to construct a satisfactory system 
of relationships for the flowering plants” 
can be explained in the light of our pres- 
ent knowledge of polyploidy in angio- 
sperms. 

It is quite possible that in some cases 
polyploidy is linked also with another 
evolutionary phenomenon as demon- 
strated in flowering plants and other 
groups. Available evidence indicates that 
individual organs or stages in life-cycles 
may evolve at their own rates independ- 
ently of those pursued by other organs or 
stages of these life-cycles and thus gain 
greater prominence. In this respect, 
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evolution is frequently differential or 
specialized, in that ‘any given organ or 
tissue may at times remain unchanged 
when other organs and tissues are becom- 
ing profoundly modified” (2). According 
to DANIKER (14), evolution leading to 
specialization is far more common and 
important in plants than the “‘biogenetic 
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stage for many years, as ecological fac- 
tors prevent them from reaching matu- 
rity. In other words, “different onto- 
genetic phases have different tolerances” 
(25). When they do reach maturity, the 
transition to the adult stage is usually 
quite sudden, similar to a mutation. For 
instance, Guettarda speciosa L., a ru- 
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Fic. 2.—Diagram showing relationships between Araliaceae and Umbelliferae. Horizontal lines mark 
beginning and end of Tertiary; dotted lines connect morphological levels; solid lines indicate typological 
relationships; long double arrows signify actual relationship; short double arrows indicate homologous 
(parallel) evolutionary lines; ©, 5, 4, 3, 2, 1 = number of carpels; © = genus or tribe; x = basic chromo- 


some numbers; 


A = Araliaceae, Mc = Myodocarpus, U = Umbelliferae, Ap = Apioideae, H = Hydro- 


cotyloideae, S = Saniculoideae, M = Myrtales plexus, Ro = Rosales plexus, Ra = Ranales plexus. Adapted 


from BAUMANN (s). 


law,” as it either accentuates and pro- 
longs or shortens and suppresses certain 
ontogenetic stages. The following ex- 
amples must suffice to illustrate this 
evolutionary phenomenon in flowering 
plants. 

Many tropical plants belonging to 
such families as Araliaceae, Araceae, 
Sapindaceae, Rubiaceae, etc., produce 
distinct juvenile forms, often resembling 
other genera and described as separate 
species. These forms may remain in this 


biaceous tree found along Pacific coasts, 
has a low-growing, juvenile form capable 
of bearing flowers (14). It must be as- 











sumed that in this species the expression 


of the mature stage is temporarily sup- 


pressed by ecological factors, for it is no | 
doubt genotypically represented in the | 
seemingly adapted juvenile stages. It is 
quite possible that a number of genera 
and species might have arisen in this ora 
very similar way. 

A remarkable case of specialization 
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was studied by BAUMANN (5). The New 
Caledonian genus Myodocarpus is cus- 
tomarily placed in the Araliaceae. De- 
tailed morphological and statistical anal- 
yses disclosed the fact that its vegetative 
parts and inflorescence are typically 
araliaceous; that its flowers are inter- 
mediate between the Araliaceae and 
Umbelliferae; and that its fruits are 
definitely like those of Umbelliferae. 
Consequently, Myodocarpus can be re- 
garded as the link between these families. 
Comparison of other members of these 
families shows that the Umbelliferae con- 
stitute a morphological type readily in- 
cluded among those contained in the 
Araliaceae but variously modified in its 
minor characters. Although the ancestors 
of the Umbelliferae may well have re- 
sembled modern Araliaceae, both de- 
scended most likely from a common 
Mesozoic stock. Figure 2, based on 
Lam’s (36) models but modified from 
BAUMANN ’s original, illustrates the main 
results in a compact manner. 

Another case of extraordinary interest 
involves a group of ancient families lately 
segregated from the Magnolian plexus, 
e.g., Winteraceae and related families 
(3). In this family persistent characters 
reminiscent of the Cycadofilicales occur 
together with others more specialized, 
and series indicating the evolution of car- 
pels and stamens within the limits of the 
family can be detected. 

Finally, anatomical investigation dis- 
closed that the monotypic genus A mbo- 
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rella, endemic in New Caledonia, repre- 
sents a new morphological type of ves- 
sel-less dicotyledon and probably a new 
family, as its assignment to the Monim- 
iaceae is no longer tenable (4). These 
examples prove convincingly that inten- 
sive studies of this kind on new or poorly 
known genera mainly of tropical distribu- 
tion are greatly needed before a satisfac- 
tory system of flowering plants can be 
proposed. 


Summary 


1. The possibility of a polyphyletic 
origin of the angiosperms is gaining rec- 
ognition, partly because of our increased 
knowledge of fossil gymnosperms and 
partly because of new information de- 
rived from living plants. 

2. Considerable uncertainty still sur- 
rounds the time and place of origin of the 
angiosperms. However, in the light of 
known rates of evolutionary processes, a 
much greater age must now be postu- 
lated for the earliest angiosperms. 

3. Intensive study of critical groups or 
regions is likely to yield new material and 
data needed in the search for a solution 
of the complex problem of the origin of 
the angiosperms. 


The author is greatly indebted to Dr. 
E. S. BARGHOORN, Harvard University, 
for reading the manuscript and offering 
valuable criticisms. 
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ACTION SPECTRUM FOR PHOTOPERIODIC CONTROL OF FLORAL 


INITIATION OF 


A LONG-DAY PLANT, WINTEX 


BARLEY (HORDEUM VULGARE) 


H. A. BORTHWICK,' S. B. HENDRICKS,” AND M. W. PARKER? 


Introduction 
Since GARNER and ALLARD’s (4) dis- 
covery of photoperiodism there has been 
much speculation as to the mechanism of 
the reaction that promotes flowering in 
long-day and short-day plants. The ac- 
tion spectrum for the photoperiodic con- 
trol of flowering in short-day plants indi- 
‘Senior Botanist; ? Principal Chemist; 3 Senior 


Physiologist, Bureau of Plant Industry, Soils and 
Agricultural Engineering, Beltsville, Maryland. 


cates that all visible light is active, with 
two regions of maximum effectiveness, 
one in the red and the other in the blue- 
violet (6). With these data available, a 
comparison of the action spectrum for a 
long-day plant should show any points of 
similarity or difference between the ini- 
tial reactions controlling flowering of the 
two types of plants. 

In preliminary experiments it was 
found that barley could be induced to 
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flower by interrupting a dark period that 
would normally keep the plants vegeta- 
tive. It was thus possible to examine 
critically the quality of light most effec- 
tive in promoting flowering. The results 
of these experiments are reported as ac- 
tion spectra for development of the spike 
and lengthening of the stem. 


Material and methods 


Photoperiodic experiments were con- 
ducted on spinach, barley, rape, Hyoscya- 
mus, beet, and poppy to test their suit- 
ability for work with the spectrograph. 
These experiments indicated that condi- 
tions for each kind of plant, including en- 
vironmental control during the pre- and 
posttreatment periods and the photo- 
periodic schedule during the treatment, 
had to be carefully worked out before 
quantitative results could be obtained. 
Barley, variety Wintex C.I. 6127,4 was 
found to be suitable for the requirements 
of these experiments. 

This variety of barley is a facultative 
winter type—that is, one that flowers 
and fruits readily without special low 
temperature treatments. In a previous 
investigation (1) it was found that spike- 
let primordia could be identified between 
ro and 12 days after the seed was planted 
if the seedlings were grown with 16-hour 
photoperiods in controlled environment 
rooms (7) at a temperature of 65° F. The 
first spikelet primordia were formed, un- 
der those conditions, at the seventh or 
eighth nodes; and differentiation of all 
nodes of the main axis was complete 17 
days after planting. With photoperiods 
of 8 hours daily during the first 3 weeks 
after planting and of 113 hours during 
the next 4 weeks, this plant formed only 
the earliest stages of spikelet primordia 


4 Refers to accession number, Division of Cereal 
Crops and Diseases, U.S. Department of Agricul- 
ture. 
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and did not cease to differentiate new 
structures at the meristem of the main 
axis. This photoperiodic procedure was 
adopted for all experiments after pre- 
liminary studies showed that spike for- 
mation could be promoted by interrupt- 
ing a few of the 123-hour dark periods 
with adequate radiation. 

The plants were grown for the first 
3 weeks in the greenhouse and then for 
the next 4 weeks in controlled environ- 
ment rooms. All experimental treatments 
were given during the first 9 days of this 
4-week period. In spectrograph experi- 
ments a treatment consisted of a brief 
interruption of each of the nine dark pe- 
riods with radiation of known energy and 
wave-length. In all other experiments 
the interruptions were made with unfil- 
tered radiation from incandescent-fila- 
ment lamps. The remaining 19 days of 
the 4 weeks constituted a period for 
growth and development during which 
the effects of the various treatments had 
an opportunity to express themselves. 

The selection of 3 weeks as a suitable 
age for the plant at the start of treat- 
ment was determined by the size and 
photoperiodic responsiveness of the seed- 
lings. Older plants were found to be 
somewhat more responsive to treatment, 
but they were usually so large that they 
could not easily be irradiated completely 
in the limited area of the spectrum. The 
g-day duration of treatment was found in 
preliminary tests to be one that would 
give results satisfactory for the purposes 
of these experiments. The length of the 
posttreatment development period was 
also determined by preliminary experi- 
ments. Development during the fourth 
week following the beginning of treat- 
ment was very rapid in those lots that 
had been subjected to treatments favor- 
able to flowering. In other lots, however, 
floral development during this fourth 
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week failed to occur or else progressed 
very slowly. Differences in effectiveness 
of treatments thus were much easier to 
observe and the quantitative differences 
between treatments were much greater 
at the end of the fourth week than they 
were earlier. 

The plants of all experiments were dis- 
sected 4 weeks after the start of the ex- 
perimental treatment, and the length of 
the stems and the stage of development 
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designated as stage I and was character- 
ized by an elongated conical terminal 
meristem bearing several shelflike leaf 
primordia with no evidence of spikelet 
primordia (fig. 1). Stage II was similar to 
stage I except that slight swellings in the 
axils of some of the leaf primordia indi- 
cated the earliest beginnings of the struc- 
ture that ultimately would form a group 
of three spikelet primordia. At stage ILI, 
primordia of this type were more nu- 





Fic. 1.—Spike development of Wintex barley. Figures from left to right correspond, respectively, to 


stages I, III, V, VII, and LX described in text. X 20. 


of the spikes were determined. Although 
spike development was a continuous 
process, certain morphological stages 
through which the spike passed in its de- 
velopment could be recognized, and these 
were designated as stages I-X. 

The treatments were adjusted so that 
the most effective ones resulted in the 
production of spikes about 6 mm. long 
with awns nearly 1 mm. long. Untreated 
control plants and those from the least 
effective treatments of the same experi- 
ment produced spikes that were less than 
2mm. long or failed to produce recog- 
nizable spikes. This latter condition was 


merous and individually more conspicu- 
ous. The leaf primordium and this fore- 
runner of the spikelet primordia associ- 
ated with it appeared as a single unit at 
this stage; its dua) nature was indicated 
only by a slight indentation at its outer 
extremity. At stage IV the leaf primordia 
were no longer evident, but the struc- 
tures destined to form spikelets were con- 
spicuous and more numerous than in ear- 
lier stages. These appeared as two op- 
posite ranks of rather conspicuous 
rounded ridges somewhat elongated in 
the transverse dimension of the spike. In 
stage V the primordia of the three indi- 
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vidual spikelets that are formed at each 
node of the rachis had just begun to dif- 
ferentiate from each of these ridges. Such 
spikelet primordia were much more nu- 
merous in stage VI and the individual 
structures of which the spikelet is com- 
posed could be recognized. At stage VII 
lemmas had become large enough to per- 
mit recognition of the awn. In the next 
stage (VIII) the awn was slightly up- 
turned but still very short. In stages IX 
and X it had attained lengths of approxi- 
mately o.5 and 1.0 mm., respectively. 

Since spikes of plants that received 
more effective treatments developed 
faster than those that received less effec- 
tive ones, the correspondence of similar 
early stages was examined in preliminary 
experiments. A stage III spike, for ex- 
ample, from a plant that had received a 
very effective flower-inducing treatment 
did not exactly resemble a stage III 
spike eventually formed by a plant that 
had received a much less effective flower- 
inducing treatment. In general, the pri- 
mordial spike of the latter was more 
slender than that of the former, and the 
spikelet primordia were of less vigorous 
appearance. These differences were not 
considered great enough, however, to 
affect the results. 


Spectrograph methods 


Radiation of high intensity in re- 
stricted wave-length regions was ob- 
tained by use of the large two-prism spec- 
trograph described in the work on short- 
day plants (6). The slit of this instrument 
was illuminated by the positive crater of 
a carbon arc of the rotating-cathode type 
using g/16-inch cored positive carbons 
and operating at power input as great as 
12 kw. 

Several instrumentgl modifications 
were required for accommodation of the 
relatively tall barley plants. In the red 
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region of the spectrum, where control of 
spike development was effected with re)- 
atively small energies, eight auxiliary 
plano-convex lenses were placed along 
the image plane of the spectrograph to 
magnify given wave-length bands de- 
fined by diaphragms in the image plane. 
The height of the spectrum at the plant 
position in the divergent beam from the 
auxiliary lenses was 30 cm., correspond- 
ing to a twelve-fold reduction in energy 
relative to that at the image plane. In the 
region below 5200 A it was necessary to 
obtain as high incident energy as pos- 
sible. The distance from the concave mir- 
ror of the spectrograph to the image 
plane was shortened to about 75% of the 
normal value, thereby reducing the 
height of the spectrum in the image plane 
to about 7.5 cm. Barley plants were then 
placed normal to the dispersion, i.e., 
lying on their sides along the spectrum. 
With this arrangement the wave-length 
region subtended by a plant at the end of 
an experiment, during which growth had, 
of course, increased the breadth of the 
region, varied from 290 A at 4800 A to 
100 A at 4000 A. 

Response of barley to radiation in a 
single region in the red portion of the 
spectrum, 6450-6550 A, was used for 
comparison with response to radiation of 
wave-lengths less than 5200 A. An auxil- 
iary double-convex lens was placed at the 
6450-6550 A position, and plants were 
placed upright in the spectrum at a dis- 
tance of twelve times the focal length of 
the lens. In this way treatments were 
long enough to come within the region 
tested for reciprocity as described later. 

Relative ineffectiveness of radiation 
below 5200 A, in contrast with the red 
portion of the spectrum, raised some 
question as to the intensity of scattered 
red radiation in the former region. Scat- 
tered radiation of the wave-length region 
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6000-10,000 A was determined at the 
4800 A position of the spectrum by 
measuring radiation transmitted at that 
position by a filter consisting of a po)- 
ished Corning 2418 glass and 6 cm. of 
water. It was found to be less than 
0.04% of the incident radiation. 

Biological tests for scattered radiation 
were made by placing barley plants in 
the 5000-5400 A position of the spec- 
trum behind Corning 2418 and 2408 fil- 
ters which give extremely low transmis- 
sion below 5700 A. Plants thus irradiated 
for the duration of a particular experi- 
ment did not differ significantly from 
controls, which indicates that the inten- 
sity of scattered radiation was very low. 

Different energies in a particular wave- 
length region were obtained by varying 
the times of irradiation at constant in- 
tensity. The energy for a specific time 
and wave-length region depended, of 
course, upon the constants of the spec- 
trograph, dispersion, slit width, and 
transmission, as well as upon the dis- 
tribution of energy from the source. The 
variation of energy with wave-length in 
the image plane of the spectrograph was 
measured as described in the previous 
work with short-day plants (6). In the 
graphs this variation at constant time is 
shown by curves having wave-length 
plotted as abscissas and total energy as 
ordinates. 

Times of irradiation were varied by 
twofold steps from 30 seconds to 64 
minutes in the “red region,” except that, 
below 5100 A and above 7200 A, ex- 
posures as long as 96 minutes were in- 
cluded. In the “blue” the times were 
varied from 30 to 120 minutes. These 
treatments were applied in all cases with- 
in the 2-hour period beginning 63 hours 
after the start of the dark period. This 
limitation of working time necessitated 
use in each experiment of two groups of 
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plants differing by 2 hours in the start- 
ing-times of their dark period. 


Experimentation and results 


RECIPROCITY RELATIONSHIPS 


It was necessary in the spectrograph 
experiments with barley, as in those with 
short-day plants (6), to vary energy by 
varying time rather than intensity of ir- 
radiation. It was important, therefore, to 
determine for barley, as had been done 
for cocklebur and soybean, whether the 
reciprocity law holds, which states that 
the product of the duration and intensity 
of light that will produce a certain effect 
is a constant. Barley plants were exposed 
to fixed energies of radiation given over 
times varying from 1 to 64 minutes after 
the middle of a 12.5-hour dark period. 
Total radiation from an ordinary fila- 
ment lamp was used in these experi- 
ments, and different energies were ob- 
tained by placing plants at various dis- 
tances from the lamp. 

For a given time of exposure the differ- 
ences in energy required to produce 
spikes of stages I and X was approxi- 
mately fifty fold (table 1, fig. 2). Most of 
the change in response occurred over 
about a fourfold change in energy cen- 
tering between 25 and 50 foot-candle- 
minutes. This rapid change in response 
corresponded to the stages of develop- 
ment V-VII. The greatest change ‘in 
spike length also occurred in this energy 
region. Although the criteria of deciding 
the most significant region of change in 
development were arbitrary, this region 
was nevertheless biologically reproduc- 
ible and could be readily identified. This 
procedure was similar to that used with 
short-day plants in that it detected the 
earliest morphological difference between 
the treated and control plants. Rapid 
changes in stem elongation accompanied 








TABLE 


RESPONSE OF BARLEY PLANTS TO DARK-PERIOD INTERRUPTION WITH CONSTANT 
TOTAL RADIANT ENERGY APPLIED AT DIFFERENT RATES 
RECIPROCITY EXPERIMENT 








AVERAGE STEM AND SPIKE LENGTH AND STAGE OF DEVELOPMENT OF THREE | 
PLANTS RESULTING FROM EXPOSURES FOR VARIOUS TIMES 
(IN MINUTES)* 


RELATIVE ENERGY AVERAGE OF LOTS 


(IN FOOT-CANDLE- EXPOSED 4-64 





MINUTES) : | | | | MINUTES INCLUSIVE 
I | st 4t | 16 | 32 } 64 | 
Length of stem (mm.) 
1600 Ree reece eee = ie ska ENS - Wee deees 
800 dolla nfeSie ts ee ae i 34 72 ; 
400 we Pee ets 34 82 85 108 70 Lh Se 
200 Ce Paar 81 88 35 68 85 71.4+8.8 
100 , = 18 47 59 45 38 48 47.340.7 
50 :, 19 68 76 79 35 19 55-5£7-4 
25 } 5 26 7 13 10 5 2.02.3 
12.5 4 5 5 7 4 5 5.10.3 
6:2 4 4 5 3 4 6 4.4£0.3 
3.1 aa 4 4 4 ee 
1.6 4 4 Ve eae ony re ler Sr 
Length of spike (mm.) 
1600 ‘ (oy a eee 
500 2.7 3-7 
400 2.3 3-3 4.2 4-5 2.8 
200 . 3-3 3-3 2.3 3.0 3-0 
100 1.8 ae 2.8 a a3 a2 
50 1.8 2.2 2% 3.0 252 1.8 
25 ‘3 2.2 E.7 1.8 1.8 res 
12.5 1.0 £5 [3s Re 1.0 0.8 
6.2 r.2 3 ro ia 1.0 0.8 
+3 1.0 1.0 By 1.0 1.0 
1.6 r< i.2 1.0 
Stage of development of spike 
1 EO EMT SO OPE RE 10 
800 eS ee 8 me. \Ricxvzces 
400 7 10 10 10 9 
200 1o 9 9 0 ite) 
100 6 8 8 7 8 8 
50 6 7 5 9 7 7 
25 K 7 5 O 0 as 
12.5 2 4 4 5 2 2 
6.2 2 3 2 2 2 2 
s.% 2 3 3 2 2 
1.6 4 3 2 


* Exposure of the 1-minute lot began 30 minutes after ww middle of a 12.5-hour dark period; this w: ushinakate ee minute lot. 
The 16-, 32-, and 64-minute lots were then exposed simultaneously, eac ch lot being withdrawn at its designated termination. 
— r 4-minute lott was then exposed. Averages for nine control plants were as follows: length of stem, 5.3+0. 25 mm.; length of 
spike, 1.5 mm.; stage of development, 3. 
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Fic. 2.—Dissected plants from barley reciprocity experiment. Roots and leaves removed, leaving stems 
with spike primordia at their tops. Durations of irradiation were 64, 32, and 4 minutes for top, middle, and 
bottom rows, respectively. Energies were 50, 25, and 12.5 foot-candle-minutes from left to right in each row. 
Dissections made 19 days after termination of treatment, when plants were 7 weeks old. X1. 
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initiation of spike development, and 
these changes could be measured with 
considerable precision. This region of 
rapid change in stem length closely par- 
alleled that of rapid change of stage of 
spike development, centering between 25 
and 50 foot-candle-minutes. A very defi- 
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from 6.5 to 8.5 hours after the beginning 
of the dark period. All experiments, in- 
cluding the ones testing reciprocity con- 
ditions, were accordingly performed in 
the interval between 6.5 and 8.5 hours. 

The intensity of irradiation required to 
produce a morphological response when 


TABLE 2 
RESPONSE OF BARLEY PLANTS TO VARIOUS INTENSITIES OF RADIATION APPLIED 


AT DIFFERENT TIMES DURING 12.5-HOUR DARK PERIODS 








AVERAGE STEM LENGTH AND STAGE OF SPIKE DEVELOPMENT FOR THREE PLANTS IRRADIATED 


RELATIVE ENERGY 


AT VARIOUS TIMES AFTER THE BEGINNING OF 12.5-HOUR DARK PERIODS* 
































(IN FOOT-CANDLE- _ _ ee 
MINUTES) | | | 
4.5 hr. | 5.5 hr. 6.5 hr 7.5 hr. | 8.5 hr. | 9.5 hr. 10.5 hr. 11.5 hr. 
| | | 
| Length of stem (mm.) 
| | | | 
400 17 | 4 25 32 72 | II | 3 3 
200 igs | 4 | @& 37° | sw | o | 9 3 
100 3 | 4 | 10 20 43 | 10 | 10 4 
50 6 | 3 8 8 27, 3 | 8 3 
25 4 a 4 ese boa 3 
12.5 1 3 | 3 3 3 oa 3 3 
6.2. “| $ | 8 3 3 | e Tes | 3 3 
| 
| Stage of development of spike 
| | | | | 
400 -+ 6 7 | 8 8 10 7 6 3 
200 aa 6 | 7 | 9 8 8 7 7 5 
100. . 5 6 | 7 7 8 7 7 5 
50 6 5 7 7 7 5 i} © 4 
ae 7 4 6 6 8 4 4 2 
12.5. 3 S ty 3 5 | 6 2 2 2 
Se See 3 4 | 4 4 | 5 2 I I 











nite response occurred in all cases for 50 
foot-candle-minutes of radiation, where- 
as 12.5 foot-candle-minutes resulted in 
responses equivalent to those of the 
controls. 

Design of spectrographic experiments 
also necessitated information on the rela- 
tive effectiveness of given energies of the 
same duration applied at different times 
during the dark period (table 2). Essen- 
tially the same biological response was 
obtained with equal energies applied 


* Average stem length of nine control plants was 3 mm. and the stage of development was 4. 


given throughout the 12.5-hour period 
that normally was dark was also deter- 
mined. For this overnight threshold the 
intensity was approximately 0.5 foot- 
candles, which was equivalent to an 
energy of 375 foot-candle-minutes. This 
indicated that radiation applied in this 
way was approximately tenfold less 
effective than if it had been applied with- 
in the period of 6.5 to 8.5 hours after 
the beginning of the dark period 
(table 3). 
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SPECTROGRAPHIC EXPERIMENTS 


Radiation dispersed with the spectro- 
graph was used in ten experiments with 
Wintex barley. An initial qualitative ex- 
periment indicated that far greater ener- 
gies were required for floral initiation in 
the blue portion of the spectrum than in 
the red. Consequently, the somewhat dif- 
ferent procedures described under “‘Spec- 
trograph methods” were used for the two 
regions. 

TABLE 3 
RESPONSE OF BARLEY PLANTS TO DIFFERENT IN- 

TENSITIES OF LIGHT APPLIED DURING 12.5- 

HOUR PERIODS WHICH FOLLOWED 11.5-HOUR 

PHOTOPERIODS OF 2000 FOOT-CANDLES. OVER- 

NIGHT THRESHOLD EXPERIMENT 


AVERAGE DEVELOPMENT OF 


| SIX PLANTS 
INTENSITY IN | ] 
OOT-CANDLES Stage of 
eee Al Length Length | sé 
| : develop- 
of stem of spike 
| ment of 
(mm.) (mm.) 
spike 
a6: | 81 3-3 9 
1.0 | 64 4.3 8 
On8. <: 4.0 Ris 5 
ES | ee re 3.7 E.2 3 
0.12 : 3.0 0.9 | 2 
7 eae ae 3.0 0.8 | I 
i OEE | 3.0 1.0 2 
Controls. 3.0 1.0 2 
| 


Results obtained in two experiments in 
the red portion of the spectrum are shown 
in figures 3-5. In these graphs and in 
figure 7 for the blue portion of the spec- 
trum, average responses of three barley 
plants are given by pairs of numbers 
along the different energy curves cor- 
responding to various times of exposure. 
The uppermost of a pair of numbers 
gives the average stem length and the 
lowermost, the stage of spike develop- 
ment. Thus in figure 3 for 1-minute ex- 
posure, average stem lengths with in- 
creasing wave-length were 4, 4, 4, 18, 20, 
18, 17, 6, and 4 mm., and corresponding 


stages of spike development were 6, 6, 6, 
7, 7, 6, 6, 7, and 6. 

The action curve was drawn through 
the chart of numbers that represented 
the results of a particular experiment. It 
indicated the energies required at the 
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5000 5400 5800 6200 6600 7000 
WAVE LENGTH IN ANGSTROM UNITS 


Fic. 3.—Response curve for initiation of spikes 
in Wintex barley in range from 5000 A to 7200 A. 
Plants were irradiated at nine different wave-length 
stations for five different durations. Energies result- 
ing from irradiation times of 30 seconds to 8 minutes 
are shown in five curves. Paired numbers at posi- 
tions along these curves corresponding to various 
wave-length stations give mean stem length (upper 
number) in mm. and mean stage of spike develop- 
ment (lower number) for lots of three plants. Re- 
sponse Curve was drawn freehand through energy 
lines, crossing them between points at which a sharp 
break in response occurred. 
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various wave-lengths to induce spike de- 
velopment and corresponded in all cases 
to initiation of stem elongation. Essen- 
tially constant energies were required for 
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Fic. 4.—Response curve from another experi- 
ment with Wintex barley in range from 5000 A to 
7000 A. Curve like that in figure 3 in general fea- 
tures, but slightly more energy was required for 
maximum effectiveness in these plants than in those 
of figure 3. 


initial response in the region between 
about 5700 and 6600 A. The minimum 
energy required to produce a given re- 
sponse in this region varied somewhat 
from one experiment to &another (figs. 3, 
4). This probably resulted from variabil- 


[SEPTEMBER 


ity in the populations from which the ex- 
perimental plants were selected and did 
not affect the shape of the response 
curves. The required energies increased 
rapidly for wave-lengths shorter than 
5700 A and longer than 6600 A (fig. 5). 

Typical lots of barley plants dissected 
from the experiment illustrated in figures 
4 and 5 are shown in figure 6. The indi- 
vidual plants had all their roots and 
leaves removed, leaving only the main 
axis of the stem with the primordium of 
the spike at its tip. The four energy levels 
that include the region of rapid change of 
response are shown at five wave-lengths 
between 5200 and 7150 A. The lots are 
aligned vertically so that the region of 
most rapid change in stem length centers 
at about the second column from the left. 

Clear-cut results were obtained in only 
three of six experiments in the portion of 
the spectrum below 5000 A. Failures 
were due to inadvertences, such as poor 
growth and injury resulting from disease, 
rather than from true variability in plant 
material. Results from the most satisfac- 
tory of the three successful experiments 
are given in figure 7. A minimum effec- 
tiveness of radiant energy was observed 
in the region between 4400 and 4800 A. 
In the region of this minimum about 
three hundred times as much energy was 
required for initiation of spike develop- 
ment as was required in the region of 
6500 A. Response in the latter region is 
shown on the right side of the figure (red 
reference). 

Below 4400 A the energy required to 
produce a given response decreased with 
wave-length; in fact, it closely paralleled 
the energy curves of the source. In the 
region below 3900 A low energy of radia- 
tion made it impossible to follow the re- 
sponse because of the 2-hour limitation 
on duration of exposure. 
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Discussion 
Action spectra (fig. 8) for prevention 
of floral initiation in soybean and cockle- 
bur and for promotion of floral initiation 
in barley are remarkably similar, par- 
ticularly in the red part of the spectrum. 
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each. These points of similarity in the 
response curves for the three plants indi- 
cate that absorption of effective radia- 
tion is due to the same type of pigment 
both for long-day and for short-day 
plants. 
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Fic. 5.—Continuation of upper part of response curve shown in figure 4. Vertical scale altered to include 


tenfold greater energy. 


The long-wave-length cut-off beyond 
7200 A, the positions of maximum effec- 
tiveness between 6000 and 6600 A, and 
the region from about 5000 to 5600 A, in 
which effectiveness changes most rapidly 
with small changes in wave-length, coin- 
cide very closely for the three plants. The 
curves are also similar with respect to the 
position of the region of minimum effec- 
tiveness, which is near 4800A for 


The amount of energy required in the 
region of maximum effectiveness in the 
red to control flowering was nearly the 
same for the three plants investigated 
(fig. 8B). With the short-day plants, soy- 
beans and cocklebur, the dark-period in- 
terruptions were effective when applied 
near the center of dark periods that were 
considerably longer than the critical. 
Barley, however, required a length of 
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Fic. 6.—Dissected plants from spectrograph experiment covering region from 5200 A to 7150 A. Average 
stem lengths and stages of spike development for these plants are shown in figures 4 and 5s. Energies in 
kiloergs per square centimeter are shown below each group of three plants and wave-lengths at left of each 
series. Groups are arranged in such a way that a fourfold drop in energy from first to third columns from 
left covers region of maximum change in plant response. Slightly under life-size. 
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dark period that only slightly exceeded 
the critical if adequate sensitivity to in- 
terrupting radiation applied near the 
middle of the dark period was to be ob- 
tained. Under conditions of equal energy 
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The initial promotive effect of long 
photoperiods on the flowering of barley 
was an effect on floral initiation, for pri- 
mordia of spikelets could be induced as 
low as about the seventh node on the 
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Fic. 7.—Response curve for initiation of spikes an 
region of spectrum. Effectiveness of radiation at 6500 
with that in blue-violet region. 


in the red there were wide differences be- 

tween plants in their energy require- 

ments in the region of minimum activity 

in the blue (fig. 8A). Control of flowering 

in soybean thus required about 20 times 

more energy at 4800 A than at 6400 A, 

in cocklebur about 150 times more, and . 
in barley about 250 times more. 
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d elongation of stems of Wintex barley in blue-violet 
A is shown at extreme right of figure for comparison 


main axis, or they could be prevented 
from forming at any of the first twenty 
or more nodes, depending upon photo- 
periodic treatment of the plants. 
Tendency to remain in the rosette 
form has widely been noted to be a char- 
acteristic of most long-day plants grown 
under adequately short photoperiods. In 
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the case of Wintex barley, response of 
internodal elongation exactly followed 
that of floral initiation. When photo- 
periodic conditions were unfavorable for 
flower formation, they were also unfavor- 
able for internode elongation. Under 
such circumstances the particular inter- 
nodes concerned remained permanently 
short. If photoperiods favorable for floral 
initiation were subsequently given to the 
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plants, later-formed internodes were 
stimulated to elongate. It was possible, 
therefore, by proper timing of photo- 
periodic treatment to cause elongation of 
a chosen series of internodes in the same 
way that it was possible within limits to 
cause spike formation to begin at a 
selected node. 

The development of the internode of 
barley presumably followed about the 
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Fic. 8.—Composite action spectra for Wintex barley, cocklebur, and soybean. (A) In “blue-violet” region 
of spectrum; (B) in ‘“‘red”’ region of spectrum. Action spectra for short-day plants, cocklebur and soybean, 
give energy required to suppress flora] initiation when applied as a dark-period interruption. Action spectrum 
for Wintex barley gives energy required to initiate spike development and stem elongation when applied at 


middle of a 12.5-hour dark period. 
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same pattern as that of Zea mays de- 
scribed by SHARMAN (8) and by Esau 
(3). In Zea the young internode and the 
region of intercalary meristem of the 
elongating internode consist of partly dif- 
ferentiated tissues in which both cell 
division and cell elongation occur. Pho- 
toperiodic treatments that promoted in- 
ternodal elongation, therefore, may have 
affected both of these processes. The 
threshold energy required to promote 
spike development was the same as that 
which caused stem elongation, irrespec- 
tive of wave-length. It thus seems very 
probable that the one process was linked 
to and dependent upon the other. More 
difficulty was encountered in finding 
which of the two effects was determina- 
tive. 

Response of a long-day variety of oats, 
as studied by KLESHNIN (5), was similar 
to that of barley. KLESHNIN used four 
bands of radiation, limited by filters, 
throughout the normal dark period and 
noted floral response at equal energy lev- 
els. He essentially found a greater re- 
sponse for the red than for the blue por- 
tion of the spectrum and noted that this 
was similar to his findings for floral initia- 
tion for short-day plants. 

Results of these investigations with 
barley, soybean, and cocklebur raise the 
following two questions: (a) What is the 
pigment responsible for absorption of 
radiation effective in controlling photo- 
periodic response? (6) What limitation is 
placed on a theory for photoperiodic ac- 
tion by identity of the initial step for 
long- and short-day plants? These ques- 
tions were discussed in a general paper on 
wave-length dependence and the nature 
of photoperiodism (2). In connection 
with the first question it should be real- 
ized that a number of factors might cause 
an action curve to differ considerably 
from the absorption spectrum of the ef- 
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fective pigment. Among these factors are 
variation of quantum efficiency with 
wave-length and absorption by accom- 
panying pigments. 

KLESHNIN was impressed, as were we, 
by a general similarity between the pho- 
toperiodic action curves and the absorp- 
tion spectrum of chlorophyll. The rela- 
tive ineffectiveness of the blue portion of 
the spectrum, however, seems definitely 
to exclude chlorophyll if the correct in- 
terpretation is placed on the fluorescence 
of chlorophyll and the constant quantum 
efficiency of photosynthesis throughout 
the visible. Some pigment other than 
chlorophyll or the carotenoids thus seems 
to be involved, but its identity remains a 
question. 

If our working hypothesis—that the 
detailed course of the reaction controlled 
by light is the same for long- and short- 
day plants—is correct, a final effective 
compound would have to act to suppress 
floral initiation in the one and promote it 
in the other. This is possible if the action 
varies as a function of concentration, as 
is almost universally the case in biologi- 
cally active compounds. 

The similarity of action spectra, ir- 
respective of hypothesis, indicates that 
essentially the same pigment is excited in 
the two cases. “Essentially the same” 
guards against the possibility that might 
be illustrated by photosynthesis involv- 
ing different chlorophylls. Energy of the 
excited pigment in photoreactions is of- 
ten transferred to some accompanying 
reaction without the pigment itself being 
chemically involved. Use of the energy of 
excitation could lack specificity and af- 
fect completely different reactions in 
long- and short-day plants. From this 
point of view the single compound with 
properties depending upon concentration 
would be replaced by two separate com- 
pounds having the respective properties 
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of inducing and suppressing floral initia- 
tion. 
Summary 


1. Wintex barley grown with an 11.5- 
hour photoperiod and a 12.5-hour dark 
period remained vegetative. If the dark 
period was interrupted with a brief pe- 
riod of irradiation of sufhcient intensity, 
spikelet formation was stimulated. 

2. By use of this technique of inter- 
rupting the dark period, quantitative 
dataon the photoreaction that promoted 
flowering were obtained, and action spec- 
tra relating wave-length to photoperiodic 
effectiveness of light were derived. 

3. The most effective time to apply the 
dark-period interruptions was the 2-hour 
period beginning 6.5 hours after the start 
of the dark period. Within this time and 
with the intensities used, the reciprocity 
law held. Energy required to pro- 
mote flowering, if applied continuously 
throughout the 12.5-hour dark period, 
was about tenfold greater than if applied 
within the 2 hours near the middle of the 
dark period. 

4. The action spectrum for the produc- 
tion of spikes in barley was very similar 


to the action spectra for the prevention 
of floral initiation in soybeans and in 
cocklebur. The long-wave-length cut-off 
beyond 7200 A, the positions of maxi- 
mum effectiveness between 60co and 
66co A, and the region from 5cco to 
56co A, in which effectiveness changed 
rapidly with small changes in wave- 
lengths, coincided very closely. Mini- 
mum effectiveness occurred near 48co A 
for all three plants. 

5. The elongation of barley stems was 
closely correlated with spike develop- 
ment. 

6. The action spectra indicated that 
essentially the same pigment was in- 
volved in transferring energy to the pho- 
toperiodic reaction both in long-day and 
in short-day plants. 

7. A working hypothesis based on the 
assumption that flowering both in long- 
day and in short-day plants is controlled 
by the same substance and that effective- 
ness is due to optimum concentration is 
discussed. 
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HISTOLOGICAL RESPONSES OF BEAN PLANTS TO 
ALPHA-NAPHTHYL METHYL ACETATE" 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 600 


C. S. BACHOFER 


Introduction 


The present study was begun in the 
spring of 1946 in order to determine the 
histological responses of Phaseolus vul- 
garis var. Red Kidney to the growth- 
regulating substance alpha-naphthy] 
methyl acetate. The compound was ob- 
tained from the Eastman Kodak Com- 
pany. Kraus and MITCHELL (5) have 
reported that it induces tumors on bean 
stems and, when dusted on plants, acts 
as a mild stimulant. Closely related 
esters have been found to stimulate or 
inhibit sprouting in dormant plants or to 
harm the plants, depending on condi- 
tions. GUTHRIE (3) has shown that its 
vapor inhibits the growth of buds of po- 
tato tubers. MARTH (6) has demon- 
strated that it inhibits growth of buds of 
stored rose plants when applied in wax- 
emulsion sprays or as vapors at certain 
concentrations. Stronger concentrations 
caused injury to the canes, while weaker 
concentrations induced an increase in the 
number of shoots developing in storage. 


Material and methods 


Preliminary experiments were con- 
ducted in order to determine the type of 
response best suited to investigation, as 
well as the most useful concentration for 
this compound. Since the ester was avail- 
able as a liquid of the consistency of light 
oil which mixed readily with pure an- 
hydrous lanolin, all applications were 
made by means of this carrier. Some 

* This work was supported in part by a grant 


from the Dr. Wallace C. and Clara A. Abbott 
Memorial Fund of the University of Chicago. 


epinastic effect, lasting several days, was 
produced when the mixture was applied 
to the bases of the heart-shaped leaves. 
After several days the epinasty, in no 
cases severe, disappeared, and the plants 
again appeared normal. Yellowish-brown 
tumors developed at the site of applica- 
tion; they were small, irregular, and more 
pronounced over the veins. Applications 
in lanolin to limited areas of the leaf sur- 
face had the same general effect, but to a 
lesser degree, thus bearing out earlier ob- 
servations of BEAL (1, 2) on the trans- 
port of growth substances. Applications 
to decapitated first internodes did not 
bring about sufficiently noteworthy ef- 
fects before the plant stumps died. Ex- 
ternal application to the uninjured sec- 
ond internode produced insignificant re- 
sults as compared with terminal applica- 
tion to the decapitated second internode, 
although Kraus and MiTcHELL (5) re- 
ported extensive tumors. Hence the re- 
sponse of the decapitated second inter- 
node was investigated more fully. In no 
cases were the telemorphic effects on 
above-ground parts so pronounced as 
those described by BEAt (1, 2) for certain 
other growth substances. 

The most useful concentrations of the 
chemical were from 1% to 3% in lanolin. 
Concentrations below 1% induced inade- 
quate responses. Concentrations above 
3% were often too toxic and killed the 
tissues with which they came in contact. 
Even the 3% concentration in some cases 
killed the young tissues with which it 
came into immediate contact. An ex- 
ample of this is shown in figures 8 and 9, 
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in which three or more layers of pith cells 
near the point of application are dead. 
Beneath this upper layer of dead cells, 
which apparently served as a buffer be- 
tween the growth substance and the liv- 
ing cells, there was initiated a region of 
great response and cell proliferation 
which raised this group of young dead 
cells high above their original position in 
the stem. 

All plants used for histological studies 
were taken from a single lot planted in 
the latter part of April, 1946, grown to- 
gether in the greenhouse, and treated on 
May 2, 1946. Young second internodes 
were decapitated in the upper part, and 
the lanolin mixture was carefully applied 
to the cut surface only. Controls were 
given the same treatment, except that 
pure lanolin alone was applied. The de- 
capitated second internodes were col- 
lected at intervals beginning at 18 hours 
after application and extending through 
6 weeks, killed and fixed in Navashin’s 
solution, and imbedded in paraffin ac- 
cording to the tertiary butyl alcohol 
method. Transverse sections cut at 12 p 
and longitudinal sections at 15 u were 
stained with a modified Flemming’s 
triple stain. 


Observations 


Controls treated with pure lanolin 
showed in all cases a minimum of re- 
sponse, limited to a very small layer of 
callus with no additional proliferation of 
tissues below the cut surface. Wound re- 
sponse of the sort reported by WHITING 
and Murray (10) was not present. The 
stems were cut with a sharp razor blade, 
and lanolin was immediately applied— 
the same procedure as used with plants 
to which growth substance was applied. 

Two complete sets of plants were 
treated with 1.5% and with 3% mix- 
tures, sectioned, and stained for micro- 


scopic study, but, since there was no sig- 
nificant difference between the two, ex- 
cept in one respect that will be consid- 
ered in the discussion, no attempt is 
made to distinguish effects of concentra- 
tion. Typical responses from both lots 
have been selected for study. 

EPIpERMIS.—The epidermis is consid- 
ered to be nonresponsive to the growth 
substance, since in only one or two in- 
stances out of several thousand sections 
studied was there any extensive prolifer- 
ation noted in it. The epidermis kept 
pace with the increase in diameter of the 
tumor until the size of the tumor became 
excessive, which was usually at the be- 
ginning of the second week after applica- 
tion, although this differed with varying 
rates of growth. After that there was a 
progressive rupture, death, and shedding 
of the epidermis together with much of 
the cortex. In their place there developed 
a suberized layer, often very thick, which 
gave the larger parts of the tumor a 
scurfy appearance. 

Cortex.—The cells of the outer cortex 
were relatively inactive in all the early 
stages of development. Increase in size in 
radial dimension was not uncommon, fol- 
lowed occasionally by limited tangential 
divisions. Occasional haphazard divisions 
occurred in isolated areas but did not 
contribute significantly to the tumor 
(figs. 1A, B, 6). 

Cells of the inner cortex, particularly 
those adjacent to responsive endodermis, 
showed a consistent tendency to divide, 
but hardly on an extensive scale. Fur- 
thermore, such divisions occurred only 
subsequent to the proliferation of the 
endodermis, and to an infinitesimal de- 
gree by comparison with the tremendous 
proliferation of the endodermis (fig. 1A, 
B). It appears that the endodermis, being 
highly susceptible, is stimulated chemi- 
cally and in turn liberates a stimulant 
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Fic. 1.—Transections of stem 72 hours after application. A, 1.5 mm. below cut surface. All tissues active 
except epidermis and pericycle. Less activity in cambium than lower down, where most of tumor is formed. 
B, same lobe 2.3 mm. below treated surface. Cortex less active than in A. Endodermis (en) forming a ring 
around periphery of tumor. Most of radial expansion contributed by wide meristematic cambial zone. 
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which affects the more highly resistant 
cortical cells. Occasionally a small vascu- 
lar bundle developed in the inner cortex 
(fig. 5A) but always in close relation to a 
vascular bundle derived from the endo- 
dermis. Together with the epidermis, the 
dead cortex contributed to the dry, 
brown, minutely scaly appearance of the 
tumor. 

ENDODERMIS.—The activity of the en- 
dodermis, although subsequent to that of 
the cambium in most cases, was the most 
striking of all the tissues in that it re- 
sponded very early, usually within 24 
hours, gave rise to the most distinctive 
structures and diverse tissues, and was 
stimulated evep at considerable dis- 
tances from the point of application of 
the growth substance. Early tangential 
divisions in the endodermis gave rise to 
increased radial dimension, often result- 
ing in a row of six or more immature en- 
dodermal cells contained within the out- 
line of the original cell (fig. 34). Beyond 
this stage we distinguish that part of the 
endodermis (a) which is located in the 
greatly expanded upper portion of the 
tumor and (0) that part which is located 
lower down in the stem. 

In the upper portion the endodermal 
cells kept their linear arrangement by 
orderly tangential divisions and sufficient 
radial divisions to keep pace with the ex- 
panding tissues (fig. 14, B). They formed 
a ring or zone around the periphery of the 
mature tumor, in many places making 
contact with the outer environment 
where the cortex was ruptured. In the 
later stages of tumor development the 
endodermal derivatives capped the root 
primordia arising in the rays and extend- 
ing to the periphery of the tumor (figs. 
4B, 8, 9). In the formation of other root 
primordia in the outer and upper regions 
of the tumor—primordia which arise at 


unpredictable locations—the endodermal 
derivatives often contributed a part. 
Lower down in the stem and extending 
about 1 cm. below the cut surface, large 
vascular bundles were derived from the 
endodermis, each bundle outside the 
large vascular bundles of the stem. Often 
these bundles of endodermal origin sur- 
passed in size the large bundles of the 
stem (figs. 3B, 12). Outside the small 
vascular bundles of the stem were often 
similar endodermal bundles. These were, 
however, much smaller in proportion to 
the small stem bundles than were the 
large endodermal bundles in proportion 
to the large stem bundles (fig. 3B); they 
also extended much shorter distances 
down the stem. The large bundles de- 
rived from the endodermis extended 
downward about 1 cm.; in longitudinal 
section they can be seen crowding the 
pericycle and phloem inward and the 


cortex and epidermis outward (figs. 8, 9, J 


12). This accounts in large part for the 
prominent ridges seen on the outside of 
the stem over the principal bundles. 
These large bundles of endodermal origin 
either ended abruptly about 1 cm. from 
the point of application of the growth 
substance (fig. 12), were continuous with 
the vascular system of the lower adven- 
titious roots only (fig. 114), or were con- 
tinuous with the xylem of the stem as 
well (fig. 11B). In the dry atmosphere of 
the greenhouse the root primordia did 
not project more than a few millimeters 
through the epidermis before their outer 
tissues dried and turned brown (fig. 
11A, B). Structurally these endodermal 
bundles were composed of a large core of 
xylem, heavily lignified when mature. 
The xylem was usually completely sur- 
rounded by a very active cambium, out- 
side of which was a narrow band of 
phloem usually so crushed by the rapidly 
expanding bundle as to have lost the 
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Fic. 2.—A, transection of same stem as in fig. 1, showing same lobe 5.2 mm. below cut surface. All tissues 
nearly normal except cambium and endodermis (en). At this level in older stems vascular bundles are derived 


> from endodermis (fig. 3B). B, transection of different stem at level corresponding to A, showing cambium 


more active and endodermis less active than in A. Both conditions common. Pericycle (pc) inactive. 
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identity of many of its cells (figs. 3B, 5A, 
B). Frequent vascular connections dif- 
ferentiated from the endodermis and be- 
came continuous with the xylem of the 
large stem bundles (figs. 9, 10B, 11B). 
These connections were usually around 
the phloem of the large stem bundle or 
across its outer edges. In some cases 
there appeared to be a progressive lay- 
ing-down of cambiums outside the loca- 
tion of the original endodermis (fig. 3B). 
PERICYCLE.—The pericycle is an unre- 
sponsive tissue which can be followed 
through the series from young immature 
cells, scarcely distinguishable from other 
parenchymatous cells, to large conspicu- 
ous fibers in the old stem. Only occa- 
sional cell divisions were noted; never 
could the tissue be called meristematic, 
nor could it be said to proliferate any 
more than the epidermis. Developments 
in the normal metamorphosis of this tis- 
sue are not interpreted as changes in- 
duced by the growth substance. 
PHLOEM.—Distinctive responses oc- 
curred in the phloem in the greatly ex- 
panded upper portion of the tumor and 
in the reactive stem below. In the upper 
enlarged region, cells of the primary 
phloem parenchyma were the first phlo- 
em cells to respond, soon to be followed 
by scattered responses in the secondary 
phloem parenchyma. These responses, 
however, were subsequent to those of the 
cambium and endodermis. Within sev- 
eral days, however, extensive prolifera- 
tion of the phloem parenchyma, both 
primary and secondary, took place, ac- 
companied by mass production of phloic 
derivatives from the cambium. Most of 
this proliferated tissue never matured 
but constituted a wide meristematic re- 
gion composed of small cells filled with 
dense cytoplasm and large dense nuclei 
with large nucleoli. Many cells in this 
and other actively dividing areas were 


multinucleate, as cell-wall formation ap. 
parently lagged behind nuclear division. 
Scattered through this phloem area were 
isolated patches of sieve tubes and com- 
panion cells. These did not appear to re- 
spond to the treatment. At almost any 
time after proliferation, and in almost 
any place, pitted tracheids developed. 
As the tumor matured, short, scattered, 
vascular bundles appeared in the prolif. 
erated phloem areas, but they were much 
less common than in such other tissues as 
the upper and outer pith and the inner 
rays, which often became a confused 
mass of vascular bundles, cambiums, and 
tracheids (figs. 6, 9, 10, 11). Phloem con- 
stituted a portion of the lateral regions of 
the large root primordia arising in the 
rays (figs. 4B, 6). 

A rather abrupt transition to approxi- 
mately normal conditions in the second- 
ary phloem characterized the transition 
from the greatly enlarged upper region to 
the stem below. Occasionally the second- 
ary phloem was traversed near the rays 
by vascular connections between the 
xylem and the large bundles of endo- 
dermal origin. These vascular connec- 
tions were composed chiefly of xylem 
(figs. 8, 11B). The primary phloem 
parenchyma in the lower regions was 
slightly meristematic in most cases. Occa- 
sionally a much more active area gave 
rise to a vascular bundle, whose descrip- 
tion corresponds to that given above for 
the endodermal vascular bundle, except 
that bundles produced in the phloem 
were always smaller in diameter and less 
than half the length of the large bundles 
derived from the endodermis (figs. 5A, 
8). In no cases were there roots or root 
primordia derived from these vascular 
bundles in the phloem. In some cases 
there appeared to be a progressive laying- 
down of cambiums in the phloem region 
(fig. 3B). 
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Fic. 3.—A, transection of stem 4 days after application, 4.7 mm. below cut surface. Radial elongation 
of endodermis with tangential divisions, activity in rays, maturation of tracheids in secondary xylem, and 
some activity in primary phloem parenchyma. B, 10 days after application, 5.2 mm. below cut surface. 
Same stem as in fig. 4, though below expanded upper tumor. Vascular bundles (en vb) derived from endo- 
dermis; vascular bundle (ph vb) in primary phloem. 
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Fic. 4.—Transections of same stem as in fig. 3B, 10 days after application. A, 0.2 mm. above cut surface, 
showing highly proliferated area in upper region of tumor above region of root primordia in rays. B, 1.1 mm. lar 
below cut surface, in region of root primordia developing in rays. Outer dark ring is chiefly of endodermal of 
origin; inner is phloic. Xylem derivatives from wide meristematic band extend into center of primordia. S lig 
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Fic. 5.—Transections of stem 36 days after application. 4, 8.2 mm. below treated surface, showing vascu- 
lar bundles in region of inner cortex, endodermis, and phloem, the latter connecting with xylem in region 
of cambium. B, 12.3 mm. below treated surface, showing characteristic heavy lignification in older stem, 
lignified vascular bundle (en vb) derived from endodermis, and heavy pericyclic fibers (pe fb). 
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CamBiuM.—This, the first tissue to 
respond, gave rise to the largest amount 
of meristematic tissue and was respon- 
sive, with the occasional exception of the 
endodermis, at a lower level in the 
treated stem than any other tissue (fig. 
2A, B). In all the earliest stages studied 
the cambium was just beginning to re- 
spond. Judged by responses and activi- 
ties in other tests, the cambium began re- 
sponse, under favorable conditions, with- 
in 10 hours of the time of application of 
growth substance. In the large part of the 
tumor the cambium formed a wide band 
of meristematic tissue, most of which re- 
mained meristematic over long periods of 
time, as well as a region above the cut 
surface, most of which remained undif- 
ferentiated (fig. 44, B). It was difficult to 
determine what part of this wide meri- 
stematic band constituted undifferenti- 
ated phloem and what constituted undif- 
ferentiated xylem. Below the greatly ex- 
panded upper region three-fourths of this 
tissue differentiated as xylem. In the 
lower part of the stem there was consid- 
erable stimulation of activity, the chief 
result of which was the laying-down of 
great quantities of xylem, chiefly trache- 
ids with some vessels and parenchyma, 
which became heavily lignified in the 
older stems. Even a major part of the 
vascular bundles derived from the endo- 
dermis was heavily lignified xylem. 


XYLEM.—Primary xylem parenchyma 
was responsive to a limited extent only 
and gave rise to no appreciable prolifera- 
tion. The primary xylem vessels main- 
tained their typical arrangement and 
proximity to one another even in the 
midst of actively proliferating adjacent 
tissues. Those parenchyma cells which 
constitute the xylem rays—secondary 
xylem, not the medullary rays to be dis- 
cussed later—were highly responsive in 
tangential divisions and contributed sub- 





stantially to the radia) expansion of the 
stem. 

Ray.—Activity in the medullary ray 
in the region of the interfascicular cam- 
bium usually began about the time that 
activity in the endodermis began or soon 
thereafter. As in the endodermis, the 
cells enlarged somewhat, exhibited con- 
spicuous nuclei, and soon began to divide 
tangentially (figs. 2A, 3A). Eventually 
this activity gave rise to the large root 
primordia that extended to the periphery 
of the tumor. These large root primordia 
extended well back into the central part 
of the stem (fig. 6). There they were con- 
tinuous with the xylem of the original 
vascular bundle of the stem. The fascicu- 
lar cambium and the xylem curved out- 
ward into these roots or root primordia 
and lost their identity in the highly 
meristematic tissues. Some of the phloem 
derivatives became a part of the lateral 
portions of these roots, and some of the 
endodermal derivatives differentiated 
and became a part of the terminal por- 
tions of them (figs. 4B, 6, 8, 9). Thus 
most of the adjacent tissues took part in 
the formation of these large root pri- 
mordia centered in the rays. Large suber- 
ized patches occurred throughout (fig. 
6). All of this was in the upper enlarged 
part of the tumor. Below, corresponding 
to the reduction in diameter of the stem, 
was a transition from differentiating root 
cells to normal cells in the outer ray. In 
the inner ray, however, and extending 
into the pith, was a completely unorgan- 
ized and disorderly production of small 
distinct vascular bundles, meristematic 
areas, cambiums, tracheids, etc., out of 
which no consistent pattern could be es- 
tablished. This area was consistently 
confused. 

Pitn.—Passing references have been 
made to the reactions of the pith, in so 
far as they paralleled reactions of ad- 
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Fic. 6.—Transection of same stem as in fig. 5, about 1.3 mm. belowftreated surface, showing root pri- 
mordia originating in rays, with derivatives of secondary phloem and xylem contributing to outer and inner 
> eS- portions, respectively. Pith, inner ray, and xylem areas characterized by confused production of bundles, 

: tracheids, suberized areas, etc. 
ntly , iia 
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Fic. 8.—Longisection of stem 8 da 
endodermis (en vb), from phloem (ph vb 


1b). Several layers of 
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dead pith cells (el cl) elevated above their original position at treated surface by proliferating pith and 


adjacent tissues. Beginning of vascularization and maturation of upper pith and adj 


cycle (pc) inactive. 


acent inner rays. Peri- 





131 





d left 
nsion. 


n; Cd, 











Fic. 9.—Longisection of stem 14 days after application, showing several layers of dead cells (el cl) lifted 
high above original position at cut surface by proliferating pith and by tissues near pith, chiefly rays and 
highly meristematic cambial zone. All three root primordia on right arising from ray, the upper arising chiefly 
from inner ray. Vascular connections (vs con) between stem xylem and endodermal region on left. Vascular 
bundle (em vb) on right derived from endodermis. 
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A, 18 days after application, showing great radial expansion in upper 


Fic. 10.—Longisections of stem. 


tegion and limited response below 


shape of tumor 


; pith very active. B, 29 days after application, showing more typical 
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; most tissues highly active; radial expansion in upper regions accompanied b 


ment in rays, one of which has erupted and is projecting downward. 
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Fic. 11.—Longisections of stem. A, 29 days after application, showing typical tumor with highly active 
tissues. Large vascular bundle derived from endodermis is continuous with vascular bundle of adventitious 
root only. B, 36 days after application, showing tumor of somewhat limited radial expansion, with vascular 
bundle derived from endodermis continuous with xylem of stem bundle as well as with vascular bundle d 
adventitious root. 
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jacent tissues. The most conspicuous re- 
sponse of the pith was in the uppermost 
regions, where great proliferation raised 
dome-shaped centers on the tumors (figs. 
9, 10, 11). This response, however, was 
one of delayed activity. After the tumor 
was almost a week old and all the reac- 
tions so far described were well under 
way, with the exception of the eruption 
of the lower roots, this central upheaval 
took place and produced a distinctive 
apex in place of the previously flat or 
even sunken top. Figures 8 and g indi- 
cate that the cells in immediate contact 
with the growth substance have been 


killed; apparently it took some time for - 


an equilibrium to be set up between the 
diffusing compound and the living cells; 
alter this the cells were stimulated to 
great activity. Of rather common occur- 
rence also was the formation of a heavy 
suberized layer at the surface. In this 
case, as well as in the case of the layer of 
dead cells, the net effect would be to 
block off the growth substance, thereby 
accounting at least in part for the de- 
layed action. 

Immediately below the actively pro- 
liferating pith and extending downward 
in the peripheral portions of the pith, 
there was a region of confused differen- 
tiation and maturation paralleling the 
same condition in the inner rays (figs. 9, 
10, 11). Preceding this activity the re- 
sponse in the pith was usually localized 
in the regions nearest the primary xylem 
vessels. 

Discussion 

RATE OF RESPONSE.—The response 
was, in general, fairly slow, at least in 
comparison with reports of results by in- 
vestigators using other growth sub- 
stances. To determine whether alpha- 
naphthyl methyl acetate might be con- 
sidered a slow-acting stimulant, in com- 
parison with other compounds, a series of 


vw 


tests were made in the spring of 1948 in 
which the rate of response to alpha- 
naphthyl methyl acetate was compared 
with that of 2,4-dichlorophenoxyacetic 
acid (2,4-D). The rates were nearly iden- 





Fic. 12.—Longisection of large vascular bundle 
derived from endodermis, 36 days after application. 
Bundle ends abruptly at base without connections 
with stem xylem or with adventitious root. 


tical when the two compounds were used 
in concentrations best suited to tumor 
production. In some cases the tumor in- 
duced by one compound appeared larger 
in diameter and further developed; in 
other cases the opposite was true. Suit- 
able concentrations of 2,4-D, however, 
were definitely lower than those of alpha- 
naphthyl methyl acetate. Thus a 1% 
concentration of 2,4-D would induce a 
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larger tumor than a 1% concentration of 
alpha-naphthy] methy] acetate in a given 
time. Therefore 2,4-D may be considered 
a more potent stimulant, although the 
response is of the same order of magni- 
tude for both compounds when used in 
suitable concentrations. 

Regardless of the concentration of 
growth substance used, the much-swollen 
portion of the tumor induced by 2,4-D 
extended farther down the stem. The his- 
tological responses to the two compounds 
were quite different and distinctive, as 
well as the external shape of the tumors. 
The shape of the tumors induced by 
alpha-naphthyl methyl acetate at vari- 
ous ages in this study is evident in the 
longitudinal sections. The apparent dif- 
ferences in them are due to differences in 
the degree of proliferation of the various 
tissues rather than to an essentially dif- 
ferent pattern of reaction. 

Initial responses recorded in 1948 were 
more rapid than those recorded in 1946, 
although the plants were treated with 
portions of the original mixture, which 
had been stored at room temperature in 
the dark. In some instances reactions in 1 
day in 1948 paralleled reactions in 2 days 
or more in 1946, although the plants were 
actually treated about 3 weeks earlier in 
the season in 1948, a factor which might 
have produced less favorable growing 
conditions for the beans used. More ma- 
ture stems showed a greater response, as 
recorded by WHITING and Murray (10). 

It appears futile to compare the rate of 
response of different lots of plants, at 
least as regards the shorter time inter- 
vals, in an experiment which does not 
take into consideration the many vari- 
ables involved: strains of plants, rate of 
growth, degree of maturity, light, tem- 
perature, humidity, etc. The time inter- 
vals given in this paper at which different 
effects were shown appear therefore to be 
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of value chiefly in relation to plants of 
the same lot and of limited absolute 
value. In general, shorter time intervals, 
that is, more rapid rates of response than 
those given here, might be expected with 
this growth substance. The rate of re- 
sponse of the plants critically examined 
was sufficiently slow so that all stages 
were obtained, from normal plants with 
no response to plants with large tumors. 

MECHANISMS.—The production of 
considerable wood is one of the more 
noteworthy characteristics of responses 
to alpha-naphthyl methyl acetate. In 
this it resembles alpha-naphthyl acetam- 
ide (4). 

Some correlation exists between the 
effects described and those of a physio- 
logical sort described by MARTH (6) and 
by others (7). MartH found that the 
rate of disappearance of starch from the 
wood of rose plants that received an ap- 
plication of naphthalene methyl acetate 
as a gas was markedly reduced in com- 
mon storage by the growth-substance 
treatment. He suggests that the growth 
substance has affected those processes 
which bring about starch hydrolysis or 
which utilize starch in respiration. These 
processes suggest immediately the role of 
hydrolytic and respiratory enzymes. 
Stimulation of enzyme production or ac- 
tion appears possible. 

Kraus and Mircue t (5) used alpha- 
naphthyl methyl acetate in herbicidal 
tests and found that beans dusted with 
this compound were greener, less mature, 
and slightly more vigorous than con- 
trols. In this respect they resembled 
beans treated similarly with 2,4-dichloro- 
phenoxyacetic acid, although results 
were reported in a much lower concentra- 
tion for 2,4-D than for alpha-naphthyl 
methyl acetate. This observation paral- 
lels the comparison made between the 
two compounds in this paper and con- 
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firms the idea that histological response 
is a valuable clue to systemic response. 

Root FORMATION AND ZONATION.— 
Murray and WHITING (8, 9), as a result 
of comparable histological studies, have 
suggested that zonation in depth in tu- 
mors be interpreted as an expression of 
the concentration of the growth sub- 
stance and that roots appear to be in- 
duced at lower concentrations. It ap- 
pears that alpha-naphthyl methyl ace- 
tate does not conform to this pattern. 
First of all, those roots that are produced 
consistently in certain areas are produced 
there following treatments with 1.5% 
concentrations as well as with 3% con- 
centrations; second, those roots that 
arise in unpredictable positions are found 
in the upper part of the tumor, where the 
concentration should be higher, as well as 
in the lower part; and, third, although 
those roots that appear at the base of the 
endodermal vascular bundles are farthest 
removed from the stimulus, thereby con- 
forming apparently to the interpretation 
noted above, still there is this opposing 
complication: 3% concentrations cause 
these roots to develop more consistently 
than the 1.5% concentrations. In this 
third case the roots are produced at a dis- 
tance of about 1 cm. from the point of 
application of the growth substance. 
This appears to be evidence that they are 
favored by lower concentrations, but the 
distance factor appears to be a different 
problem, since at this distance the higher 
concentrations are more effective in pro- 
ducing roots than the lower concentra- 
tions. 


Summary 


1. Responses of bean plants to applica- 
tions of alpha-naphthyl methyl acetate 
to the bases of heart-shaped leaves, leaf 
surfaces, uninjured stems, decapitated 
first internodes, and decapitated second 
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internodes were investigated. Since the 
applications to decapitated second inter- 
nodes induced the most distinctive tu- 
mors, they were investigated more 
thoroughly. 

2. Most effective concentrations of the 
compound were found to be from 1% to 
3%. All plants were grown together un- 
der the same conditions. They were di- 
vided into two portions, and the plants of 
each group were treated simultaneously 
with 1.5% and with 3% concentrations. 
Tumors of both groups were of essen- 
tially the same structure, although those 
of the 3% group tended to be somewhat 
larger. 

3. Rate of response was found to be 
comparable to that of 2,4-dichlorophe- 
noxyacetic acid when each was used in 
concentrations best suited to tumor for- 
mation. The range of suitable concentra- 
tion, however, was lower for 2,4-D, indi- 
cating that 2,4-D is a more potent stimu- 
lant than alpha-naphthyl methyl ace- 
tate. Tumor pattern is distinct and differ- 
ent for each. 

4. Histological responses to alpha- 
naphthyl] methyl acetate occurred chiefly 
in the endodermis, phloem, cambium, 
xylem, rays, and pith. Epidermis, peri- 
cycle, and usually outer cortex were 
unresponsive to treatment. The epider- 
mis and much of the outer cortex was 
often shed after 5 or 6 days. Slight prolif- 
eration of inner cortex occurred, with oc- 
casional production of small vascular 
bundles, which were always adjacent to 
very active endodermis. In the greatly 
expanded portion of the tumor the endo- 
dermis early formed a meristematic band 
at the periphery. In older tumors the 
derivatives from the endodermis contrib- 
uted to the terminal portions of the root 
primordia which arose in the rays. Lower 
in the stem heavily -lignified vascular 
bundles were derived from the endoder- 
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mis. These often surpassed in size the 
vascular bundles of the stem and ex- 
tended down the stem as prominent 
ridges for about a centimeter. At their 
lower extremities these bundles either 
(a) ended abruptly, (b) were continuous 
with the vascular bundles of the root 
primordia, or (¢c) were continuous with 
the xylem of the stem bundle as well as 
the vascular bundles of the root pri- 
mordia. Phloem parenchyma was active; 
phloic derivatives from the highly active 
cambium contributed to the undifferenti- 
ated tissue of the tumor and constituted 
a portion of the lateral regions of the root 
primordia arising in the rays. In the stem 
below, phloic derivatives differentiated 
as short, highly lignified vascular bundles. 
Undifferentiated xylem from the highly 
active cambium constituted a major part 
of the tumor; a wide band of heavily 
lignified xylem gave the stem below a 
definitely woody aspect. Root primordia 
originated in the rays in the region of the 
interfascicular cambium and extended to 
the periphery of the tumor. Delayed ac- 
tivity of the pith, subsequent to killing 
and shrinking of cells at the treated sur- 


face, gave rise to characteristic domes on 
the tumors, which often raised several 
rows of dead cells high above their origi- 
nal position at the treated surface. Below 
this dome and extending into the rays 
were highly disorganized regions of short 
vascular bundles, cambiums, tracheids, 
etc. 

5. Root formation and zonation failed 
to conform to the pattern observed for 
certain other growth substances. Root 
formation in the upper regions—that is, 
in the greatly expanded portion of the 
tumor—appeared to be independent of 
the concentration of alpha-naphthyl 
methyl acetate. Root formation lower 
down in the stem, about a centimeter 
from the treated surface, was common in 
the lot of plants receiving 3% concentra- 
tions and less common in those receiving 
1.5% concentrations. 


For assistance and encouragement 
given by Drs. E. J. Kraus and J. M. 
BEAL during the course of this investiga- 
tion, the writer acknowledges his sincere 
appreciation. 
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INFLUENCE OF VARYING PERIODS OF LIGHT AND DARK ON 
ASEXUAL REPRODUCTION OF PILOBOLUS KLEINII 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 601 


DEANA T. KLEIN 


Introduction 

Pilobolus, a phycomycetous fungus 
closely related to the genus Mucor, has 
long attracted the attention of mycolo- 
gists because of its ability to discharge 
its sporangia explosively and to react 
phototropically. Interest in this unusual 
fungus was even more lively when the 
diurnal cycle of sporangium maturation 
was observed and reported, but, because 
of the difficulty of growing it on artificial 
media, its usefulness as an experimental 
organism was quite limited. 

The successful growth of pure cultures 
of Pilobolus on artificial media has, how- 
ever, now been reported (2, 8, 9), which 
eliminated the most serious handicap to 
its use. This plant has qualities which 
make it of value for further investigation: 
It can be easily cultured, grows readily, 
and can be observed without special 
equipment. 

To date, only a few critical studies 
have been concerned with the effect of 
light on this genus. Although CoEMANS 
(3) in 1861 discovered that light is re- 
sponsible for the regulation of the asexual 
life-cycle of Pilobolus, emphasis has been 
on the morphological development and 
phototropic response of the fruiting 
structure. McVicKAR (9) made the only 
critical investigation of the effect of light 
on the diurnal rhythmicity of asexual re- 
production of this fungus. He found that, 
when dung-agar cultures of P. micro- 
Sporus Klein' were subjected to 12-hour 
alternating periods of light and dark, a 


*Probably P. roridus (Bolt.) Pers. of GRoveE’s 
(7) classification. 


definite rhythm of growth and matura- 
tion was displayed. At the end of the 
light period the majority of fruiting 
bodies were immature, while at the end 
of the dark period the majority were ma- 
ture. He concluded that asexual periodic- 
ity of Pilobolus is not an inherent quality 
but is wholly conditioned by diurnal al- 
ternations of light and dark and that 
“the periodic production of mature 
fruiting bodies is the inevitable conse- 
quence of periodic emergence of the 
sporangiophore”’ from the substrate. 

Few investigations on other fungi have 
been concerned with effects of alternat- 
ing periods of light and dark. Dickson 
(4) subjected Sclerotinia fructigena to 
equal alternating periods of light and 
dark varying in length from 12 hours to 
o.3 second. The rate of radial growth of 
the mycelia was slowest in continuous 
darkness. When the fungus was exposed 
to equal alternations of light and dark, 
the growth rate increased to a maximum 
at about 1-minute alternations, was then 
depressed to a minimum at 5-second al- 
ternations, and subsequently rose again 
for still shorter alternations. 

YaRwoop’s (14) investigations on 
Taphrina deformans \ed him to conclude 
that the diurnal cycle of ascus matura- 
tion probably resulted from alternations 
of light and dark. He previously had 
found that a diurnal cycle of conidial 
maturation was manifested in Erysiphe 
polygoni when the host plant was grown 
on 4-, 8-, 12-, 16-, and 20-hour daily 
photoperiods; but, with longer or shorter 
photoperiods, the diurnal cycle was less 
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evident or not apparent. YARWOOD con- 
cluded that the regular alternation of 
light and darkness appeared necessary 
for the expression of a diurnal cycle of 
conidial maturation in E. polygoni (13). 

It was thought that, because of the 
remarkable sensitivity of Pilobolus to 
light, an investigation of the influence of 
varying periods of light and dark on its 
asexual reproduction would be of interest 
and value. 


Material and methods 


Pilobolus kleinii van Tieg. (7), a cop- 
rophilous fungus, was isolated from the 
dung of pastured horses. The dung, col- 
lected in Palos Hills, Illinois, was air- 
dried as rapidly as possible in a warm 
greenhouse room and, when dried, was 
stored in paper bags. As needed, the 
dung was placed on wet filter paper in a 
moist chamber, and in 2-4 days a crop 
of sporangiophores usually appeared. 
The spores in this dried dung were found 
to be viable even after 8 months. 

The fungus was isolated according to 
the method described by Krarczyk (8): 
The discharged sporangia were caught on 
sterile glass slides and scraped onto 
freshly obtained and sterilized dung. 
Within a week sporangiophores ap- 
peared, and the sporangia were again 
caught on sterile glass slides or were 
scraped off the underside of the sterile 
cover of the Petri dish in which the 
sterile dung was placed. These sporangia 
were then pressed into the culture media, 
where the spores germinated within a 
week. This method of isolation was par- 
ticularly satisfactory, since the resulting 
cultures were invariably free from the 
contaminants which grow along with the 
fungus on nonsterile dung. Subsequent 
subculturing was carried out by the ordi- 
nary method of transferring small agar 
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cubes from the advancing edge of myce- 
lial growth or by using sporangia scraped 
off the underside of sterile Petri dish 
covers. 

For the culture of Pilobolus a dung- 
decoction agar was prepared from ‘‘Bo- 
vung,”’ a commercial fertilizer (a prod- 
uct of the Walker-Gordon Laboratory, 
Plainsboro, New Jersey) (9). One per 
cent ‘“Bovung” in Pyrex-distilled water 
was boiled for 15 minutes, and the re- 
sulting solution was decanted, filtered, 
and restored to volume. The medium 
was buffered to pH 6.5 by the addition 
of Na,HPO, - 7 H.0 and KH,PO,, each 
salt with a final concentration of M/200 
(1.34 and 0.68 gm., respectively, per liter 
of media). The medium was solidified by 
the addition of 1.5% agar. 

The cultures were grown in an incu- 
bator divided into two lighttight com- 
partments by lighttight black paper 
fastened down the center with cloth 
tape. Each compartment was lighted 
with a 14-watt fluorescent lamp (white 
light—4500° K) attached to the top of 
the compartment, and the culture plates 
were placed on a shelf at a distance of 
8 inches below the light source. Light in- 
tensity at the surface of the plates was 
about 50 foot-candles. Inasmuch as the 
ballasts gave off considerable heat, they 
were kept outside the incubator, in which 
the temperature was maintained at about 
as C. 

In each experiment described below, 
nine culture plates were used. The num- 
ber of fruiting bodies was counted at the 
end of each light and dark period with 
a binocular microscope. The stages of 
fruiting body development as counted 
are illustrated in figure 1. Each experi- 
ment extended over a period of time long 
enough to allow a total of eight observa- 
tions. 
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cient of variation was also very low (6.4), 
which indicates a relatively low degree of 
variability. As demonstrated by Mc- 
VicKAR (9), there was also a lack of 
periodicity in total darkness. He found 
that a minimum of at least 72 hours was 
necessary for complete fruiting body de- 
velopment in continuous darkness. 


EQUAL LENGTHS OF LIGHT AND DARK 


Cultures of P. kleinii were subjected to 
alternating periods of light and dark of 
equal duration, each half-cycle varying 
in length from 4 to 24 hours in experi- 
ments I through V. In effect, what was 
done was to provide artificial daylengths 
of 8, 16, 24, 32, and 48 hours. Under these 
conditions of light and the other stand- 
ardized conditions of temperature and 
media the fungus reacted in a specific 
manner to each different set of condi- 
tions. 

When the basic data were evaluated to 
determine under which cycles the fungus 
exhibited periodicity (as previously de- 
fined), it was found that the results of 
two experiments fulfilled the stated re- 
quirements (table 1). Where there was a 
definite periodic effect—the 12-12, 16-16 
cycles—the percentage of mature fruit- 
ing bodies at the end of the light period 
was extremely low, while at the end of 
the dark period the percentage was very 
high. Under those light-dark cycles in 
which there was a lack of periodicity— 
4-4, 8-8, 24-24—the percentages for stage 
C, the period of maturation, were very 
nearly the same at the end of the dark 
and at the end of the light periods. Thus, 
for the 24-24 experiment, at the end of 
the dark period an average of 78.8% of 
the fruiting bodies were in stage C; at 
the end of the light period 60.8% were 
mature. In the 16-16 series the average 
percentage of fruiting bodies in stage C at 
the end of the dark period was 96.1, while 
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at the end of the light period there were 
no mature fruiting bodies. 

The percentage of mature fruiting 
bodies at each observation for several 
representative series is presented graph- 
cally in figure 2. The 4-4 and 24-24 series, 
if plotted, would be similar to continu- 
ous light; that is, the curves would be 
very close to a straight line. The periodic- 
ity exhibited by the fungus under the 
12-12 cycle is not so strong as under the 
16-16 cycle. 

When periodicity was displayed by 
the fungus (16-16), the periodic effect 
was quite consistent day after day. Thus, 
it would appear that, once a pattern of 
growth and maturation has been. estab- 
lished by the fungus in response to a 
light-dark cycle other than that found in 
nature, it continues to respond to that 
cycle in a consistent manner. 

The statistical data and the raw data 
correlate quite well. The coefficient of 
variation is high where there is periodic- 
ity and low where there is no periodicity. 
There is a lack of periodicity at the ex- 
tremes (4-4, 24-24), and each has a low 
coefficient ; periodicity is displayed under 
the 12-12 and 16-16 cycles, and each has 
a high coefficient. The correlation be- 
tween the coefficient of variation and the 
relative percentage of mature fruiting 
bodies at the end of the dark period is 
more evident when the percentages are 
plotted graphically (fig. 2). The percent- 
ages at each observation for the 8-8 ex- 
periment present a graph which is closer 
to the type of graph representing a peri- 
odic effect than to one demonstrating no 
periodicity. The coefficient of variation 
for 8-8 is 75.4; for continuous light, 6.4; 
and for 16-16, 107.0; 8-8 is thus nearer to 
16-16 than to continuous light. 

In figure 3 the coefficients of variation 
have been plotted against the dark pe- 
riod in hours for the experiments with 
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equal lengths of light and dark; this fig- 
ure can be considered a summary graph 
for this series and will be discussed later. 
Thus, in summary, the coefficients of 
variation are high for 16-16 and 12-12, 
low for 4-4 and 24-24, and intermediate 
for 8-8. There is no periodicity under 4-4 
and 24-24, an approach to the periodic 
effect under 8-8, and a definite periodic- 
ity under the 12-12 and 16-16 light-dark 
cycles. 

The writer’s results for the continuous 
light and 12-12 experiments did not 
agree with those of McVickar (McVIck- 
AR’s findings: continuous light, about 
36% in stage C; 12-12, about 92% in 
stage C at the end of the dark period). 
The differences perhaps may be ascribed 
to species differences. Although McVIck- 
AR, for his purposes, called 12-12 the 
control experiment, it would appear that 
16-16 might be a better control for ab- 
solute periodicity because of its some- 
what greater periodic effect and also be- 
cause these conditions induced the best 
over-all fungal growth when compared 
with the other experiments. 


UNEQUAL LENGTHS OF LIGHT AND DARK? 


P. kleinii was exposed to unequal 
lengths of light and dark in experiments 
VI-IX, but here the lengths of complete 
cycles were all 24 hours. The hours of 
light and darkness for the 15-9 and 9-15 
experiments were chosen because they 
approximate the average photoperiods 
for winter and summer solstices at Chi- 
cago. Periodicity was exhibited under 
both of these light-dark cycles. The 20-4 
and 4-20 experiments were performed 
(a2) to determine whether periodicity 
could be broken under unequal lengths 
of light and dark and (8) to serve as a 

2The unequal lengths of light and dark are 
designated by two numbers Separated by a hyphen. 


The first is the number of hours of darkness; the 
second, the number of hours of light. 
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check on the 4-4 experiment. It is evi- 
dent that periodicity was broken under 
the 20-4 and 4-20 light-dark cycles 
(table 1). The coefficients of variation 
for the 4-4 (25.9), the 4-20 (25.8), and 
the 20-4 (22.6) experiments are so close 
that it would appear that little or no 
significance can be ascribed to the differ- 
ences obtained from these equal and un- 
equal alternations of light and dark. 

As in the series with equal lengths of 
light and dark, with an increase in the 
number of hours of darkness there is an 
increase in the periodicity exhibited by 
the fungus only up to a certain point: no 
periodicity with only 4 hours of darkness, 
definite periodicity under g and 15 hours 
of darkness, and no periodicity under 20 
hours of darkness. Here, too, where no 
periodicity (as defined above) was ex- 
hibited by the fungus, the percentage of 
mature fruiting bodies at the end of the 
dark period was very close to the per- 
centage mature at the end of the light 
period (in 4-20 and 20-4). Where definite 
periodicity was exhibited (9-15, 15-9), 
the percentage of mature fruiting bodies 
at the end of the dark period was quite 
high; at the end of the light period, very 
low. These results are also in agreement 
with the definition of periodicity as ex- 
plained for these series of experiments. 

The coefficients of variation are high 
for 9-15 and 15-9 and low for the 4-20 and 
20-4 series, indicating that the former 
two have a high degree and the latter two 
a low degree of variability. In figure 3 
the coefficients of variation for the ex- 
periments with unequal lengths of light 
and dark are plotted against the duration 
of darkness in hours. Here, too, this graph 
can best be considered as a summary 
graph for this series. In figure 2 the 15-9 
experiment has been plotted to illustrate 
daily periodicity under unequal lengths 
of light and dark. 
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MORPHOLOGICAL VARIATIONS 


Some interesting morphological varia- 
tions were observed under the light-dark 
cycles. Although no specific morphologi- 
cal characteristic was absolute, differ- 
ences in growth habit, which seemed to 
be morphological variations of the usual 
habit, were induced by modifying the 
light-dark cycle. 

In the 4-4 and 8-8 experiments the 
vertical growth of the sporangiophores 
through the agar (toward the light 
source) tended to be in counterclock- 
wise, very loose spirals; the aerial spo- 
rangiophores also tended to spiral loose- 
ly. In the 12-12, 16-16, and 24-24 series 
the vertical growth of the sporangio- 
phores through the agar was in tight 
spirals; and only in the 24-24 experiment 
did there tend to be loose spiraling of the 
aerial sporangiophores. The height of the 
fruiting bodies at the end of the dark 
period ranged from an average of about 
2mm. in the 4-4, 8-8, and 12-12, to an 
average of between 3 and 4 mm. in the 
16-16, and an average of about 3 mm. in 
the 24-24 experiment. The shape of the 
trophocysts also varied from the so- 
called typical P. kleinii “turnip-shape”’ 
to the almost “cylindrical-shape” re- 
portedly characteristic of the trophocyst 
of P. longipes (7), but the trophocyst of 
this latter shape never reached the length 
characteristic for P. longipes. 

In the 4-20 and 20-4 experiments the 
vertical spiral growth of the sporangio- 
phores in agar was loose; the aerial spi- 
rals, if any, were also loose. The fruiting 
bodies averaged 3 mm. high, and the 
trophocysts showed the same variation 
from turnip-shaped to cylindrical. The 
fruiting bodies in the 15-9 experiment 
averaged about 4 mm. tall; those of g-15 
about 3 mm. The turnip-shaped tropho- 
cyst tended to predominate in both ex- 
periments. Spiraling in the agar was 
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tight in some sporangiophores and loose 
in others. It is interesting that, although a 
sporangiophore growing vertically may 
exhibit spiraling, when growing hori- 
zontally through the agar there was no 
suggestion of any type of growth pattern. 

The vertical spiral growth of the spo- 
rangiophore through the agar has not 
been previously reported. The writer 
would, however, be very hesitant to ad- 
vance this as a new species characteristic 
until the entire group had been thorough- 
ly reinvestigated and perhaps revised 
under standardized conditions of light, 
temperature, and nutrients. 

McVickar observed the following 
sporangiophore growth pattern in agar 
for P. kleinii: ‘“‘The protoplasm with- 
draws a varying distance down the spo- 
rangiophore, after the latter has stopped 
elongating. A transverse wal) is laid 
down at this point, and at 3 P.M. the next 
day a new sporangiophore grows forth 
from the old just proximal to the trans- 
verse septum.” The writer has observed 
this type of pattern only in the 20-4 ex- 
periment, and even here its occurrence 
would be termed infrequent. 

Whether there is any significance to 
the variations in height in the different 
series awaits further investigation. 

With increasing length of the periods 
of darkness there was a tendency to 
elongation of the sporangiophore, which 
would seem to follow BREFELD’s (1) and 
CoEMANS’ (3) observations that in com- 
plete darkness the sporangiophores be- 
come quite ‘“attenuated.”’ McVIcKAR 
noted this phenomenon, and the writer, 
too, has observed the greater length of 
the sporangiophore in continuous dark- 
ness. PARR (10), however, stated that the 
sporangiophores are of normal length in 
complete darkness. 

There were some indications that 
height of the fruiting structure is condi- 
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tioned by light intensity and also by 
temperature. In very low light intensi- 
ties the sporangiophores seemed to be 
taller; and at 10°C. in complete dark- 
ness they were much more elongated 
than at 25° C. in complete darkness. 


Discussion 

The results of these experiments indi- 
cate that periodicity of Pilobolus kleinii 
is not limited to expression under 12- 
hour alternations of light and dark (9) 
but is manifest even more strongly under 
16-hour alternating periods of light and 
darkness of equal duration. These equal 
alternations of light and dark, however, 
are basically abnormal (even 12-12) for 
an organism found in nature growing 
under unequal lengths of light and dark. 
Nevertheless, this plant has exhibited 
periodicity under some equal as well as 
some unequal lengths of light and dark. 
The experiments of the writer do not in- 
dicate at all whether periodicity is genet- 
ic, environmental, or influenced by both 
factors. It is the writer’s opinion that 
McVickar failed to disprove an autono- 
mous basis for periodicity by simply re- 
versing the usual alternations of light and 
dark as found in nature. 

It is known that in nature the matura- 
tion of the fruiting structure occurs dur- 
ing the dark period. It would appear 
from a survey of the data that, although 
light is necessary for the continued 
growth and maturation of the fruiting 
body, a certain period of darkness is 
necessary to establish a periodicity of 
growth and maturation. Periodicity was 
established only with certain lengths of 
darkness, although growth and develop- 
ment of the fungus occurred under all 
the light-dark cycles. 

With this point in mind, it is possible 
to make some generalizations about the 
significance of the curves in figure 3. 
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These two curves are superimposable, 
This would suggest, at least for this set 
of experiments and with the type of sta- 
tistics used, that it makes no difference 
whether equal or unequal lengths of 
light and dark are employed. The curves 
indicate that a peak in periodicity is 
reached between 15 and 16 hours of 
darkness. From the sharpness of the 
curve between 8 and 9 hours it would 
seem that periodicity is established after 
8 hours of darkness. The portion of the 
curve between 16 and 20 hours is also 
rather acute and might indicate that 
periodicity is broken after somewhere 
between 16 and 20 hours of darkness. 
Thus, periodicity for P. kleinii is estab- 
lished at 9 hours of darkness and extends 
through 16 hours of darkness under the 
experimental conditions employed. 

Periodicity in nature has proved to be 
an exceedingly difficult subject to un- 
ravel. Its importance is unquestioned; its 
mechanism unknown. The little research 
done using fungi suggests that light is the 
primary external stimulus, but whether 
it is light of the whole spectrum, one or 
more specific wave lengths of light, 
and/or the energy absorbed remains un- 
answered. 

The phototropic response of Pilobolus 
is also conditioned by light; but here, 
too, the mechanism is not too well 
known. The evidence is conflicting, for 
Parr (10) indicated that the fungus was 
phototropically sensitive to all visible 
wave lengths of light, but Frint (5) 
stated that no phototropic response is 
evidenced toward radiation with a range 
of 6,576 A to 7,024 A. 

Some of the factors conditioning a pe- 
riodic response are known, but just how 
Pilobolus or any other organism responds 
to these factors and to possibly other un- 
known factors is a problem needing 
much basic, and intensive, investigation. 
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Summary 


1. An investigation was made of the 
influence of varying periods of light and 
dark on the asexual reproductive cycle of 
Pilobolus kleinii van Tieg. grown in arti- 
ficial culture. 

2. A periodicity in the development of 
the asexual fruiting body (sporangio- 
phores mature at the end of a dark period 
and immature at the end of a light pe- 
riod) was established under certain alter- 
nating periods of light and darkness of 
equal and unequal duration. Periodicity 
was displayed under the 12-12 (hours), 
16-16, 15-9, and g-15 cycles. No periodic- 
ity was noted under continuous light and 
in total darkness, and also under 4-4, 
8-8, 24-24, 4-20, and 20-4 cycles. 

3. The coefficient of variation was 
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used as an index of periodicity. The 
coefficients were found to be significant, 
for the standard errors were, in each in: 
stance, two to four times the coefficient 
values. 

4. Under the conditions imposed by 
the different light-dark some 
morphological variations of the normal 
growth habit were found. Constancy in 
the type of variation was noted under 
specific cycles. 


cycles, 
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COMBINATION OF 2,4-D WITH FORTIFIED OIL- 
EMULSION CONTACT HERBICIDES 


A. S. CRAFTS AND A. EMANUELLI 


Introduction 

Since the discovery of its herbicidal 
action 2,4-dichlorophenoxyacetic acid 
(2,4-D) has rapidly attained great im- 
portance as a tool for the control of weeds 
in agricultural production. It has proved 
to be a valuable translocated spray for 
controlling deep-rooted perennials, a 
spectacular selective spray for control- 
ling broad-leaved weeds in cereals, grass 
crops, and turf, and a promising tem- 
porary soil sterilant for killing weed 
seedlings as they develop in crop soils. 
Its use has been extended to the killing 
of water hyacinth and other emergent 
aquatic weeds and to the control of 
woody and brushy species in pastures 
and similar places. Many to whom chem- 
ical weed control is new consider 2,4-D 
the only herbicide worthy of considera- 
tion, and from the advertisements one 
gains the impression that 2,4-D is the 
long-sought panacea that is to solve the 
farmers’ weed problems as if by magic. 

But because of its selective nature 
2,4-D can never be a panacea. The toler- 
ance of 2,4-D by grasses rules out the 
possibility of using it as a general spray 
against mixed populations including 
grasses. In fact, where 2,4-D has been 
used successively to spray weeds in sugar 
cane in Puerto Rico, susceptible weeds 
have been replaced by resistant grasses; 
this results in a worse situation than the 
original one. 

Meanwhile a new type of general-con- 
tact spray has been developed (1, 2) that 
has the advantage of being particularly 
toxic to grasses. Such sprays combine an 
oil, a chloro- or nitro-phenolic fortifying 
agent, and a stabilizer, with water as a 


carrier. A recent note (3) gives a new 
formula for this type of herbicide. 

Studies on the weed populations of 
cane and pineapple fields in Puerto Rico 
showed that grasses were common and 
hence that a general-contact herbicide 
was required for their elimination. Plot 
tests proved that such sprays could be 
safely used in these crops if care was 
taken to avoid application to the green 
leaves. The bases of these crop plants are 
protected by old leaf sheaths and by a 
heavy coating of cuticle. Consequently, 
young grass plants can be readily killed 
in cane and pineapple plantings with 
little or no harm to the crops. 

In young cane the problem is more dif- 
ficult. When the concentration of the oil- 
emulsion spray was lowered to prevent 
serious damage to the leaves of cane, it 
was found that young grasses succumbed 
but that dayflower (Commelina sp.), 
bindweed (Ipomoea sp.), and nutgrass 
(Cyperus rotundus) survived and soon re- 
sumed vigorous growth. Since all three of 
these species were susceptible to 2,4-D 
and because none was rapidly killed by 
the contact spray, it seemed possible that 
the two herbicides might be combined to 
give a complete killing. 

A short note (3) has given a prelimi- 
nary report on this work. The present 
paper presents data on greenhouse and 
field trials and discusses the various pos- 
sibilities for using such combination 
sprays. 


Material and methods 


For greenhouse tests weed and crop 
plants were grown in No. 10 cans that 
had been perforated at the bottom and 
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filled with a medium-textured green- 
house potting soil. The plants used were 
dayflower, bindweed, nutgrass, sensitive 
plant (Mimosa pudica), tropical kudzu 
(Pueraria hirsuta), purslane (Portulaca 
oleracea), Bermuda grass (Cynodon dacty- 
lon), arrow grass (Leptochloa filiformis), 
and sugar cane (Saccharum officinarum). 
When the plants were ready, the spray 
solutions were prepared and applied with 
a Smith “streamline blizzard continu- 
ous”’ pressure hand sprayer. Periodic ob- 
servations were made to determine the 
extent of injury that developed. 

Field trials were made in plots and in 
experimental cane plantings at the Puer- 
to Rico Experiment Station, Rio Piedras. 

The fortified oil-emulsion spray used 
as a basic treatment contained 30 parts 
by weight of an oil, Standard Weed 
Killer no. 2, 2 parts of pentachlorophe- 
nol, and 2 parts of Oronite stabilizer. 
These three ingredients are mixed with 
gentle heating and form a stable concen- 
trate that is readily emulsified with water 
at a rate of 1 part of concentrate to 22 
parts of water by volume. This is equiva- 
lent to a spray containing 4 gallons of the 
oil, 2 pounds of pentachlorophenol, and 
2 pounds of stabilizer per 100 gallons of 
finished emulsion. For convenience it has 
been designated as formula 30.2.2. 

To one portion of the concentrate 
2,4-D was added at a rate equivalent to 
1 pound of acid per 100 gallons of emul- 
sion. To another portion the triethanola- 
mine salt of 2,4-D (Stantox 40)" was 
added at the same rate on an acid- 
equivalent basis. To a third the isopro- 
phyl ester (Stantox P44)" was added at 
the same 1-pound rate on an acid-equiva- 
lent basis. Similar concentrations of these 
latter two 2,4-D products in water were 
used as controls, and one series of plants 


«Samples kindly donated by Standard Agricul- 
ture.Chem. Inc. 


HERBICIDES 149 


received straight Standard Weed Killer 
no. 2.7 


Results 


From the data in table 1 it is evident 
that dayflower, bindweed, nutgrass, and 
purslane were less seriously injured by 
the straight fortified oil-emulsion spray 
than by the combination of this with 
2,4-D. The triethanolamine salt of 2,4-D 
was consistently less effective on the 
acid-equivalent basis than the ester or 
the straight acid in the oil emulsion. This 
is consistent with the theory that non- 
polar molecules can enter the plant with 
greater ease than polar molecules or ions. 
The polar nature of the triethanolamine 
salt was also manifest in the emulsion, 
where it antagonized the stabilizer and 
made the emulsion quick-breaking. 

Sensitive plant is very susceptible to 
oil toxicity, and the plants that received 
the oil-emulsion sprays were rapidly 
killed. Those sprayed with 2,4-D prepa- 
rations were killed more slowly. In the 
field this plant is quite resistant to 2,4-D 
(4) and is seldom killed by ordinary 
dosages. 

Tropical kudzu was killed by all treat- 
ments. In a previous test, when the 
spraying was not so thorough, the kudzu 
plant receiving only the fortified oil- 
emulsion recovered by growth of axillary 
buds of the crown. Axillary buds on the 
purslane plants receiving the fortified oil- 
emulsion spray grew, but injury to the 
stems was so severe that they finally 
died. . 

Bermuda grass leaves were rapidly 
killed by the contact emulsion spray, but 
recovery by growth of shoot tips and 
axillary buds continued throughout the 
observation period. The two 2,4-D prep- 
arations caused considerable damage to 


2 Sample kindly donated by Standard Oil Co. of 
California. 








TABLE 1 


TOXIC EFFECTS OF OIL-EMULSION CONTACT SPRAY, 2,4-D, AND THEIR COMBINATION 


EXPRESSED AS eens IN PER CENT. APPLIED OCTOBER 9, 1947 











| | 

















iu siden Day- Bind- Nut- | Sensitive] Tropical} Purs- soe Arrow Sugar 
=. flower weed grass | plant kudzu lane | grass | grass cane* 
4 | | | | 
ss se ~ 
October ro 
| | ad i ae = 
30.2.2 me awienaus | 65 go 5 100 95 |: 100 go | 100 fe) 
30.2.2+Stantox 4o.. 75 95 10 100 95 | 100 95 | 100 10 
30.2.2+Stantox P44........| 75 95 | 10 100 100 100 9° | 100 10 
30.2.2-4+-2,4-D acid..........] 75 95 10 100 100 100 | 95 100 10 
Stantox 4o. of | 15f ° 15 st ot ° ° ° 
Stantox P44 bs of sf | ° 50 20F | of ° ° ° 
Standard Weed Killer no. 2. 100 95 | 100 100 100 100 100 | 100 50 
| 
| October 13 
| | | | | l 
RRR ere han diate sine eee | “9s | 96 {| ‘f5 |* of | 260 100 80 100 ° 
30.2.24+-Stantox 40.........| 95 | eo | 30 | 100 | 100 100 | 90 | I00 ° 
30.2.2+Stantox P44. 95 | 100 | 75 100 100 100 go | 100 | ° 
30.2.2-+2,4-D acid 95 | 100 | 65 100 | 100 | 100 go | 100 | ° 
Stantox 4o. eR eee 5 | 25 | 5 15 | 20 15 ° ° ° 
Stantox P44 oe 15 | $e ° 60 | 30 25 ° ° ° 
Standard Weed Killer no. 2 | 100 | 100 | 100 | 100 | 100 100 100 | I00 100 
October 16 
30.2.2 go 100 30 95 100 95 70 | 100 ° 
30.2.2+Stantox 4o. 100 100 50 100 100 | I00 | 70 100 | ° 
30.2.2+Stantox ae vessee| 100 100 80 100 100 | 100 | 70 100 (| ° 
30.2.2+2,4-D acid.. ....| 100 | 100 | 70 100 100 | 100 70 100 | ° 
Stantox 40 30 | 40 | 5 20 50: / | “a5 ° | ° (| ° 
2 2. | a ree | 30 50 ° 75 | 40 5° ° 5 ° 
Standard Weed Killer no. 2 | 100 100 100 100 | 100 | I00 100 100 | 100 
| 
| | ' 
| 
| October 18 
| | ce eer a ec ee: 
| | | | | 
Re ORS ene Par 80 ro | 25 95 | 100 | 95 50 100 | ° 
30.2.2+Stantox 40 100 | 100 | 50 100 | 100 | 100 50 100 re) 
30 ee P44 100 | 100 | 90 | 100 | 100 | 100 | 50 100 ° 
2.2+2,4-D acid......... | 100 100 | 80 | 100 | 100 100 | 50 100 re) 
St, antox MEN sa eae go go 20 | 40 | 100 75 | io | ve ° 
LT & | eae go os: |, oe 100 | 100 | 90 | 20 ae ° 
Standard Weed Killer no. 2. 100 | 100 100 | I00 | 100 | 100 | 100 100 | 100 
; ; re ees ey eee Neem (ake, A Selah 
October 23 
7 Seana at sk" Aeeeoae ae , a 
emeetre ths Sei Ns it = 70 98 15 98 | 100 | 95 40 | 100 ° 
30.2.2-+Stantox 4o......... 100 100 40 100 100 100 40 100 | ° 
30.2.2+Stantox P44........ 100 | 100 95 100 | 100 100 40 | I00 | ° 
30.2.2+2,4-D acid.......... 100 100 | 80 100 | 100 100 40 | I00 ° 
PEMINEISENID, ysies ceaicn Cat 100 | 100 | 25 60 | 100 | 90 20 | ° ° 
Stantox P44. 100 | 100 | 50 100 | 100°] 95 30 20 ° 
Standard Weed Killer no. 2. 100 100 | 100 100 | 100 | 100 100 100 | 100 








* Cane plants had four to five open leaves. Only the lowest leaf and its sheath was sprayed. 
+ Leaves and petioles badly twisted but no dead tissue at this reading. 
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TABLE 1—Continued 
| 
: , Day- Bind- Nut- |Sensitive Tropical) Purs- Bermuda’ Arrow Sugar 
Spray solution 
flower | weed grass | plant kudzu lane grass grass cane* 
| 

October 27 
fy Eee ee Cow 60 95 | 10 100 100 95 | 30 100 ° 
30.2.2-+Stantox 4o. . 100 100 | 25 100 100 | 100 | 30 100 ° 
30.2.2-4+Stantox P44 100 100 | 95 100 100 | 100 30 100 ° 
30.2.2-+2,4-D acid 100 100 | 75 | 100 100 | 100 | 30 | I00 ° 
Stantox 40.... 100 100 30 80 | 100 | 100 4o | ° ° 
a gg er 100 100 go ‘| 100 100 100 | 60 30 ° 
Standard Weed Killer no. 2..| | 100 100 go 100 100 | 100 100 100 100 

| 

November 3 

} | | | 
a a ee ‘ 60 | 95 | ° 100 100 98 25 100 ° 
30.2.2-+Stantox 4o. . 100 100 | 10 100 100 100 25 100 ° 
30.2.2+Stantox P44 100 | 100 100f 100 100 100 25 100 ° 
30.2.2+2,4-D acid.. 100 100 85 | 100 100 | 100 25 100 ° 
Stantox 4o.... 100 100 40 | 100 100 100 | 30 ° ° 
URMOE Ss oe cd 100 | 100 98 | 100 100 | 100 | 80 50 ° 
Standard Weed Killer no. 2.. 100 | 100 100f 100 | 100 100 100 100 








t All original shoots dead, but new ones were coming up from nuts below the soil surface. 


the cultures, particularly the ester for- 
mulation. This damage consisted of a 
slow yellowing of the leaves and re- 
sembled chronic oil toxicity. It is sur- 
prising to find that it was more severe in 
the case of the straight ester spray than 
from the combination. Possibly the rapid 
contact injury of the latter prevented 
absorption of the oil-like ester or other 
oily compounds in the formulation. Ar- 
row grass is a common annual grass in 
cane fields. It was rapidly killed by the 
oil-emulsion sprays as it is in the field. 
The injury caused by the 2,4-D ester was 
again a chlorosis resembling chronic oil 
injury. 

The cane plants used in this experi- 
ment were treated only around the base 
because previous tests had shown that 
complete spraying with the fortified oil 
emulsion killed them. In the field the 
spray is confined to the bases of the 
canes, and the spray procedure used here 
resembled such treatment. 


Standard Weed Killer no. 2 is a very 
toxic oil. It killed all the plants used in 
this experiment, including cane on which 
it only covered the lower portion. It evi- 
dently penetrates the leaf sheath and 
cuticle and enters the living cells of the 
stem. It has been found to be very effec- 
tive for killing coarse grasses such as 
carib-grass (Eriochloa polystachya), Para 
grass (Panicum purpurascens), 
(Trichachne insularis), and 
(Paspalum and Sporobolus spp.). 

Cultures that were treated in a pre- 
vious experiment with the fortified oil- 
emulsion spray and the combination 
spray are shown in figures 1-4. Although 
the emulsion-sprayed plants appear to be 
seriously injured in each case, under the 
warm humid conditions of Puerto Rico 
recovery of such plants can be very 
rapid. For successful chemical weed con- 
trol such weeds must be completely 
destroyed. 

Following these greenhouse studies ex- 


zorra 
matojo 

















Fics. 1-3.—Left, unsprayed; center, sprayed with 30.2.2 formula; right, sprayed with 30.2.2 plus 2,4-D. 
Concentrations were same as given in table 1. Plants were sprayed until just wet with a film of oil emulsion. 
Fig. 1 (below), bindweed. Though center plant looks dead, there is a living leaf about 4 inches above rim 
of can. Several axillary buds expanded and later shoots appeared from below soil surface. Fig. 2 (center), day- 
flower. Fig. 3 (above), nutgrass plants, sprayed on October 2 and photographed on October 24, 1947. Though 
tops of all sprayed plants were killed by combination spray, new shoots came up from tubers below soil level 
at later date. Tops of plants receiving 30.2.2 formula were never completely killed. 
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tensive field trials were made. These 
proved conclusively that the combina- 
tion of 2,4-D with fortified oil-emulsion 
sprays containing pentachlorophenol, di- 
nitro amyl phenol, or dinitro butyl phe- 
nol is a very effective means of control- 
ling mixed weed populations. Probably 
the greatest benefit derives from spray- 
ing where dayflower and annual grasses 
occur together. Emulsions of the concen- 
tration mentioned above (30.2.2 for- 
mula) will kill young grasses, but day- 
flower nodes, protected by papery leaf 
sheaths, survive and are able to resprout. 
In wet rainy weather these plants may 
make phenomenal growth and repopu- 
late a field in a period of about 2 weeks. 
Use of the ester formulation of 2,4-D was 
particularly beneficial in that it increased 
the stability and wetting power of the 
emulsion and seemed to intensify the 
toxicity on grasses, particularly Bermuda 
grass, possibly because of the chronic 
toxicity of the oily compounds as men- 
tioned above. 


Discussion 


According to common opinion, 2,4-D 
is translocated in the plant in the same 
way as auxin. This involves the function- 
ing of living cells. If this is true, the in- 
clusion of any highly toxic ingredient in 
a 2,4-D spray should antagonize the ac- 
tion of the hormone-like compound and 
reduce the effectiveness of the spray. 

Toxicity of the fortified oil emulsions 
seems to be related to the rapid penetra- 
tion of the nonpolar molecules of the 
toxicant and their denaturing action on 
the proteins of the protoplasm. If this is 
true, inclusion of 2,4-D in this type of 
spray should be of no benefit. 

Detailed study of the plants after 
spraying has given one clue to the com- 
plementary action of the two types of 


toxicants. On dayflower, bindweed, and 
nutgrass the toxic action of the general 
contact spray is slow, and only after sev- 
eral days is the injury complete. Un- 
doubtedly the 2,4-D enters the plant dur- 
ing this time and is able to concentrate in 
the meristems, where it kills the buds re- 





Fic. 4.—Kudzu plants. Left, unsprayed; center, 
sprayed with 30.2.2 formula; right, sprayed with 
combination formula. Kudzu plants sprayed with 
30.2.2 formula in experiment reported in table 1 died, 
probably because application was somewhat more 
thorough with result that main stem was rapidly 
killed to ground level. In preliminary experiment 
illustrated here plants were just wet with spray, and 
many axillary buds on lower stem survived. 


sponsible for recovery. If the concentra- 
tion of the fortified oil in the emulsion is 
increased sufficiently, killing of the tops 
of these weeds is rapid and complete, and 
inclusion of 2,4-D is of no benefit. 

The added toxicity of the combination 
spray on grasses is most noticeable when 
an ester formulation is used. It probably 
results from better stability and spread- 
ing brought about by the additional wet- 
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ting agent and possibly by better pene- 
tration owing to the presence of the oil- 
like ester. 

The combination spray described in 
this paper has been formulated for use in 
sugar-cane fields. Because of the great 
similarity of the plants, it should also be 
useful in corn. Tests have proved that it 
can be used in fields of growing corn in 
which a wide variety of weeds, including 
grasses, have been completely killed. It 
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has also proved effective as a pre-emer- 
gence spray in corn and sugar-cane fields, 
It seems that pre-emergence treatment 
followed by two or three sprays in the 
growing crop may provide a solution to 
weed problems in these two major food 
crops. 
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NOTE ON INDUCTION OF FLOWERING IN XANTHIUM 


JAMES BONNER AND DAVID BONNER’ 


A great many attempts have been 
made by various workers in recent years 
to transfer the flowering principle from 
flowering to vegetative plants by means 
of extracts made from leaves or other 
tissues. These attempts, both published 
(1, 2, 4) and unpublished, have been al- 
most uniformly negative. This fact, 
coupled with the fact that, although the 
flowering principle passes readily through 
living tissue, it does not pass even the 
most intimate diffusion contact (1, 5), 
has led to the general conclusion that the 
flowering substance may not be a simple 
substance analogous to the plant hor- 
mones with which we are at present 
familiar but may be either (a) highly 
labile or (b) a large molecule such as a 
protein which, although it might be 
readily extractable, would be difficult to 
reintroduce into the test plant. 


* Present address, Osborn Botanical Laboratory, 
Yale University. ‘i 


The purpose of this paper is to report 
a result obtained in these laboratories 
approximately 1o years ago which fails 
to support the general conclusion drawn 
above. In a series of experiments it was 
found that extracts of a certain individu- 
al palm tree were capable of inducing 
flowering in 85% of treated cocklebur 
(Xanthium canadense) plants, a short- 
day type. The test plants were main- 
tained in a strictly vegetative condition 
under a regime of natural.day supple- 
mented by incandescent-filament lamps 
to give a total daylength of 20 hours. 
Application of the test solution was 
achieved through a downward pointing 
flap of stem approximately 5 cm. long 
and situated approximately 10 cm. from 
the apical bud. The test solutions were 
placed in shell vials into which the stem 
flaps were inserted. The solutions were 
rapidly absorbed and were renewed once 
after a period of 2—3 days. Fourteen days 
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after initiation of the experiment the 
apical buds were removed and dissected. 
The criteria of vegetative versus floral 
primordia used here followed those usual 
in investigations with cocklebur (2). 

In a series of random tests on a wide 
variety of materials for ability to induce 
flowering in Xanthium (results generally 
negative), a water extract of this palm 
was included. The palm in question was 
an individual of Washingtonia robusta ap- 
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trol plants treated with water alone re- 
mained strictly vegetative (table 1). The 
table also shows that the diffusate re- 
tained its activity, perhaps at lowered ef- 
fectiveness, after boiling. 

The influence of palm-inflorescence 
extract in the induction of flowering in 
cocklebur seemed sufficiently clear cut 
to justify a more extended research into 
the chemical nature of the active prin- 
ciple. Growing-points were, therefore, ob- 


TABLE 1 


EFFECT OF EXTRACTS OF IMMATURE PALM INFLORESCENCE ON INDUCTION OF 
FLOWERING IN Xanthium. ALL PLANTS DISSECTED 14 DAYS 
AFTER BEGINNING OF TREATMENT 





NO. OF TREATED PLANTS | NO. OF 
Expt. No. Date oF Expt. | KIND OF EXTRACT USED |——— eer a exege 
PLANTS VEG 
| Vegetative Flowering ETATIVE 
X-100 Dec. 18, 1938 | Aqueous diffusate I I 
X-I01. Jan 18, 1939 Aqueous diffusate 4 16 7 
Aqueous extract of 
| ether diffusate 2 8 
X-102 .| Jan. 28, 1939 | Aqueous diffusate I 9 II 
X-103 | Feb. 21, 1939 Aqueous diffusate | 2 2 6 
: P= _ i a ae eat 
Total Pods eee 10 58 24 
X-105 Feb. 28, 1939 | Boiled aqueous dif- 
|  fusate 19 II 5 


proximately 75 feet in height. This tree 
was cut down, and, when its growing- 
point was dissected out, a great mass of 
differentiating inflorescences was re- 
vealed. This material, consisting of whol- 
ly etiolated leaf, inflorescence, and stem 
tissue, was cut into small pieces and al- 
lowed to soak in water covered with a 
thin layer of ether. The brownish aque- 
ous layer and the ether layer were tested 
on a total of sixty-eight cocklebur plants 
in a series of experiments lasting over a 
period of more than 2 months. Of the 
sixty-eight plants tested, fifty-eight 
formed flower primordia, while the con- 


tained from further individuals of W. 
robusta, W. filifera, and Phoenix canaren- 
sts and were used in a similar manner. In 
not a single instance was the slightest 
flowering-inducing activity detected in 
these further extracts. No explanation 
for the properties of the extract from the 
one individual of W. robusta has ever 
been adduced. The incident is of present 
interest, however, in relation to more re- 
cent statements (3) that extracts of Zea 
mays, also a monocotyledonous plant, 
are effective in inducing flower initiation. 
KERCKHOFF LABORATORIES OF BIOLOGY 


CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 
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CURRENT LITERATURE 


The Essentials of Plant Biology. By FRANK D. KERN. 
New York and London: Harper & Bros., 1947. 
Pp. vii+44o. Figs. 251+6 in color. $4.00. 

In organization and presentation this one-semes- 
ter text is novel enough to stimulate thought con- 
cerning the methodology and effectiveness of modern 
instruction in elementary botany, and broad enough 
in its approach to the functions and uses of plants to 
create in the student a desire to seek more informa- 
tion concerning plants. The style of writing is fluent- 
ly expository, with none of the “dryness” so char- 
acteristic of many texts in science. Important facts 
or conclusions are often substantiated with quota- 
tions or excerpts from experiments, so that the 
reader has confidence in the presentation. Some of 
the numerous photographs are made especially for 
this text and are interesting and effective. 

Between the Introduction and the supplement 
which summarizes briefly the great groups of plants, 
including twenty-eight orders of flowering plants, are 
the two major divisions of the book: “The Manifes- 
tation of Life’ (individual maintenance), and “The 
Perpetuation of Life’’ (racial preservation). The dis- 
tribution of subject matter in the ontogenetic and 
the phylogenetic portion of this text is of interest. 

The first seven chapters cover the fields of nutri- 
tion, assimilation and respiration, cellular structure 
and tissue organization, anatomy af the major or- 
gans and their growth, absorption and conduction, 
irritability and adaptedness, and the culture and 
protection of plants. The great diversity of material 
presented is evident from the introductory photo- 
graphs of the plants representative of the major 
phyla, to the discussion of the processes of photo- 
synthesis, fat and protein synthesis, digestion, trans- 
location, assimilation, respiration, and to the graphic 
presentations of the cycles of oxygen, carbon, and 
nitrogen. Photoperiod, balance in nutrient solu- 
tions, role of some of the mineral nutrients, hy- 
droponics, hydrogen-ion concentration, and new 
chemical treatments to control insects, fungi, and 
weeds—all are discussed. The leaf of the variegated 
geranium is reproduced in color to demonstrate the 
necessity of chlorophyll for photosynthesis. This 
choice is unfortunate, because the absence of starch 
in the nongreen areas of the leaf also demonstrates 
that food is not stored in these zones. Green and 
albino seedlings demonstrate the need for the green 
pigments more convincingly. The anatomy of the 
higher plants is condensed by grouping tissues and 
by judicious use of drawings and by employing 
photographs and photomicrographs in color. Em- 
phasis is on the leaf and on secondary growth as evi- 
denced by large photomicrographs of wood sections. 


The remaining seven chapters integrate reproduc- 
tion, cell division, heredity, plant breeding, evolu- 
tion, and taxonomy. By co-ordinating vegetative 
reproduction in seed plants, bryophytes, algae, and 
fungi, by discussing the role of fungi in the culture 
of higher plants, and by summarizing all plant 
groups in a supplement, it has not been necessary to 
present complete life-cycles of the thallophytes. 
Much time is thus saved by eliminating extended 
chapters on algae, fungi, and lichens. Six diagram- 
matic life-cycles with some additional illustrations 
and brief discussions suffice in the presentation of the 
moss and fern groups. The production of seeds and 
their dispersal leads to a discussion of plant associa- 
tions. Mitosis, meiosis, genetics, and plant breeding 
precede an interesting chapter on evolution with evi- 
dences from comparative anatomy of vertebrates 
and from paleontology. The chapter on the classifica- 
tion of plants, embodying some botanical history, is 
of value in an elementary text, particularly when 
presented in such an understanding manner. This 
textbook may solve some of the problems associated 
with short courses in botany.—Paut D. Vorn. 


Introduction to Genetics and Cytogenetics. By HER- 
BERT ParKES RILEY. New York: John Wiley & 
Sons; London: Chapman & Hall, 1948. Pp. xii+ 
506. $5.00. 

In this book the author has endeavored to present 
and explain the fundamental principles of biological 
inheritance and to indicate their importance in our 
civilization. A definite effort has been made to pre- 
sent the material in such a simple fashion that read- 
ers with only a limited biological background may 
grasp and understand the fundamentals of heredity. 
Many of the data that support these principles have 
been included, and a good working bibliography in- 
tended for the more serious students follows the final 
chapter. General principles rather than practical ap- 
plications of these principles are stressed throughout 
the book, with illustrative material from both the 
plant and the animal kingdoms. 

The first five chapters are devoted to the physical 
basis of heredity and to general biological informa- 
tion essential to the understanding of genetics. 
Chapters 6 through 13 present the fundamental prin- 
ciples of the transmission of genes, using the cytolog- 
ical approach of describing the chromosomes and 
their behavior at mitosis and meiosis. Chapters 14 
through 23 are concerned with the nature and physi- 
ology of the gene and with some topics of practical 
interest, while the remaining seven chapters deal 
chiefly with chromosomal irregularities. 
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On the whole, this book appears to be excellent 
and well adapted to the student beginning the study 
of genetics as well as to the general reader whose 
knowledge of biology is limited. The illustrations are 
well chosen, and many of them are new. There are, 
however, certain statements in chapters 4 and 29 
which are not sound botanically and to which the 
rcviewer strongly objects. In the first paragraph on 
page <1 the statement is made that ‘‘male spores or 
microspores 2ce formed in the anthers of the 
flowers,” and in the second paragraph it is said that 
“the female spores form from megaspore mother cells 
or megasporocytes, located in the ovules.” While the 
gametophytes are considered to constitute the sexual 
phase, the spores from which they arise are generally 
regarded as asexual. The second paragraph contains 
the statement that ‘‘the female organ is the pistil of 
the flower.” Although the megagametophyte or fe- 
male gametophyte develops within the nucellus 
(megasporangium) of the ovule borne within the 
pistil, the latter is a part of the sporophytic or 
asexual generation. On page 66, under the heading 
‘‘Hermaphrodites,” it is stated: ‘‘Many seed plants 
have elaborate mechanisms to insure that they will 
be cross-fertilized, and still others may produce 
seeds by either self- or cross-fertilization.”” What ac- 
tually occurs is self- or cross-pollination. More of the 
same uSage occurs in chapter 29, notably on page 
503. It is hoped that changes and corrections may be 
made in future printings or editions. 

In spite of these criticisms Professor RILEY has 
produced a valuable and useful book.—J. M. BEAL. 


Plant Biology. By PAUL WEATHERWAxX. 2d ed. Phila- 
delphia and London: W. B. Saunders Co., 1947. 
Pp. x+451+ 380 illus. on 190 figs. Frontispiece 
in color. $4.25. 


This revision perpetuates the high standard of 
clarity in typographical detail established by the 
previous edition. Center headings are employed for 
the first time to emphasize the major topics in each 
chapter, thereby breaking the monotony of con- 
tinuous print and aiding the slow reader. Slightly 
heavier type and the addition of three lines per page 
insure reading ease without increasing the size of the 
book even though sentences and paragraphs have 
been added and revised in every chapter. 

The plan of the text is a conventional sequence 
from cells and living matter, through the elaboration 
and utilization of food, to the structure and function 
of the various organs of higher plants. Topics such as 
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growth response to stimuli, reproduction, dormancy, © 
and dispersal are followed by a consideration of the 7 
plant as a unit and the inheritance of plants. A large” 
portion of the book is devoted to a survey of the} 
plant kingdom, emphasizing the main features and | 
the life-history of representatives of each group, ” 
Final chapters concern evolution and ecological rela- 7 
tions. The glossary has been revised and is a real 
asset, 

Additional over-all improvements are noted in | 
the regrouping of fine illustrations which are nearly | 
all taken from the first edition; in the diagrammatic | 
life-cycles of representative plants; and in the pres- | 
entation of newer botanical knowledge on bac-] 
teriophages and on herbicides such as 2,4-dichloro-7 
phenoxyacetic acid, and a photograph to show the} 
effects of length of day on flowering response. The™ 
discussion of dormancy and dispersal is placed logi- 
cally near the treatment of seeds and fruits, and they 
section on pollination is integrated with the presen-" 
tation of the life-cycle of angiosperms. The term] 

“ecology” is used in the heading of a chapter, and 
four major plant formations of the North Americamg 
continent are discussed briefly. 

Professor WEATHERWAX’s revision is an excellent 
treatment of plants for those who have limited time) 
at their disposal and for one-semester courses if 
botany.—Paut D. Votu. 


Heredity. By A. FRANKLIN SHULL. 4th ed. New | 


York and London: McGraw-Hill Book Co., 


1948.) 
Pp. ix+312. Illus. $4.00. 


Like its predecessors, this new edition emphasize! 
the application of genetical principles to the case of 
man. Some of the phenomena that were described) 
before have been omitted on the grounds that they, 
have not yet been shown to occur in the hum 
species. The space thus saved has been devoted ig 
part to a valuable new chapter on the recent studies’ 
that have been made by BEADLE and others on | 
biochemical effects of gene mutation. The lately di 
covered Rh factor in human blood is treated in sev= 
eral contexts. The contents of the three chapters 
that are specifically on human genetics have been) 
brought up to date. Chapters on population and im-} 
migration have been retained, the former having 
been almost completely re-written around the new! 
data that are available. The text should prove at= 
tractive to those students and other readers whose} 
interest in heredity is slanted in the direction of 
human affairs —MERLE COULTER. ‘ 
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